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Chapter 6 
HISTORY OF THE PIN INDUSTRY 
1200-1600 AD 
Craftsmen and Guilds 
AN ANALYTICAL_APPRAISAL OF COPPER ALLOY PIN PRODUCTION: 
400-1600 AD. 
by C. Caple. 
Due to the paucity of existing published works, a typology 
of pinhead forms encountered in England, in the period 400-1600 
AD. was compiled. Into this framework all subsequent technical, 
analytical, metric and historic information was placed. 
Of the many new pinhead forms noted in the typology, the 
most numerous were the various types of Wound Wire Headed Tin. 
This catagory of pin, which was manufactured throughout the 
period 1300-1900 AD., was studied in detail. From documentary 
evidence, the history of this industry; its establishment in 
medieval towns, its demise through foreign competition in the 
Tudor period, and its recovery and final World promenance in 
the period post 1700 AD., was compiled. Metric and typological 
analysis revealed that long, thick pins with 'stuck on' heads 
were initially prevalent but were later superseded by short 
thin pins with 'stamped on' heads. 
Metallographic examination 'showed that the large decorative 
pins pesent throughout the Dark Ages, were usually cast or 
wrought into shape. The small functional pins of the medieval 
period were made of'wire, which was frequently formed by strip 
drawing. Examination of the head attachment medium of these 
small pins, by Scanning Electron Microscope, defined the 
chemical and physical characteristics of this medium. 
Analyses of the pin shafts were obtained with an energy 
dispersive X-Ray Fluorescence sys tem, which utilised a 
fundamental parameters based program calibrated with multi 
element standards. Experimental work to refine the analytical 
programs was undertaken. 
These analyses plus comparative data, indicated that two 
separate supplies of copper alloy, one based on brass, one on 
bronze existed from the Roman to 10th century period. 
Subsequent general metal use was largely of an impure brass, 
which changed to a pure high zinc brass in the 14th century. 
Documentary evidence indicates that these metals were imported 
into England during the Medieval period. The establishment of 
an English copper and brass industries in the 16th century 
provided the base material for the pre-eminant English pin 
industry of the 18th and 19th century. 
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START OF THE INDUSTRY 
There is little in written form concerning pins during the 
medieval period. What information there is, however, comes 
in two forms: ' 
Passing references to pins in contemporary accounts of 
the time. 
Information on or references to the manufacturers of 
pins, namely the pinners guilds and its practices, laws, 
complaints, etc. 
This first category has only a few references. Some of these 
are quoted by Longman and Lock [Longman and Lock 
19111, and 
come from French medieval texts concerned with life 
in the 
court or rich households; eg at an unspecified date, 
probably 14th or 15th century, one Jehan de Mohun complains 
as an oft pinpricked lover of the numbers of pins French 
ladies use to fasten articles of their clothing. 
From this we may assume that the pins. of this period which, 
from excavatio n-we know to be almost exclusively WWHP type, 
were necessar y'to fasten the clothing of the ladies of the 
French upper Classes. Observation of the type of clothes 
worn in this period(figs 6: 1., 6: 2), shows the large excess of 
folded cloth on the costume, clearly this must have, in part, 
been pinned in place. It is interesting to note that 
female fashions in the medieval period, change. 
from simple garb in the 12th and 13th century into the more 
folded excessive styles of the late 14th and 15th century. 
This change may well have 
'$-z need 
for pins 
FIGURE 6: 1 Female Costume, circa 1380, as depicted in 
brass from Cobham Church - after Laver J 1963 
FIGURE 6: 2 Housewives Dress, circa 1500, from a drawing by 
Durer - after Scott M 1980. 
Z -i g> 
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which stimulated the pin industry whose production of WWHP, 
in such large numbers, aa-keA- -k- this period. 
Should the change in fashion indeed be the cause for the 
occurrence of large numbers of WWHP, then it follows that the 
use (and subsequent depositon of pins) would follow the 
spread of the more exuberant complex folded garment styles. 
These appear to occur initially amongst the wealthy classes 
in France, and Central European cities in the 14th century, 
and then the influence would spread outwards to the more 
remote areas, and poorer classes of the European medieval 
world. Presumably the occurrence of large numbers of pins on 
most British excavations in 15th century contexts marks the 
arrival of the fashion requiring the use of pins amongst the 
lower orders in British medieval society at this date. 
Specific mention may be made at this point of pictorial 
evidence for pins. Though small, and seemingly 
insignificant, pins do occur in some medieval pictures - figs 
6: 3 - 6: 5. 
Pins usually occur in pictures of areas in close up. The 
painting conventions of the day invariably dictated that this 
was a portrait of the head and upper torso, thus the 
occurrence of pins in these portraits does not imply that 
this was the only place where pins were used in female 
costumer but does ilustrate their use in the attachment of 
veils or wimples to the hair of the wearer. These and other 
headdresses, part of the increasingly elaborate costumes, 
were being increasingly worn in the Later Medieval Period, 
and show in detail the use of small wire made pins in the 
FIGURE 6: 3 Young woman's dress, in Netherlands, circa 
1430, from a portrait by Roger Campin - after 
Scott M 1980. 
FIGURE 6: 4 Young woman's dress, in Netherlands, circa 
1435, from a portrait by Rogier van der Weyden 
- after Scott M 1980 
FIGURE 6: 5 Young woman's dess, in the Netherlands, circa 
1460, from a portrait by Rogier van der Weyden 
- after Scott M 1980 
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wearing of female costume. 
Longman and Lock [Longman and Lock 19111 give further 
medieval references which enlighten us as to the role of pins 
in medieval society. In the early part of the period, 1400, 
the Duchess of Orleans purchased offan epingler (pinner) of 
Paris, one Jehan de Areconnier, several thousand long and 
short pins besides 500 "de la facon d'Angleterre" (in the 
fashion of England). 1ý 
This reference shows the very large numbers 
A lady of substantial means would buy 
pins, clearly the numbers involved both 
manufacture for all the ladies of France 
considerable. 'The industry which supplied 
been well established and a reasonable size 
demand even at the early date of 1400. 
of pins involved. 
several thousand" 
in purchase and 
must have been 
them must have 
to meet such a 
The reference to pins "in the fashion of England" must 
indicate separate English pin fash ions and thus proba bly a 
substantial native English pin industry existing at that 
time. Indeed it may well be that the English were exporting 
pins to France at this period to meet this demand. 
Further indication of the 'large. numbers of pins being, 
manufactured and bought is provided by Longman and Lock 
quoting from the accounts of Katherine, Countess of Devon,, 
1524, "1000 white pins 8d, -ditto black 7d". d- I 
Thus the value of a single pin was worth 0.008 of a penny, 
thus individually quite a cheap and easy to loose item of 16th 
century life. The occurrence of black pins may indicate aý 
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e% 
black coating applied to the pin, A possibly a 16th century 
fashion, or as mentioned in the 19th century sources, they 
may be iron pins, coated in black (to prevent rusting! ). 
The second source of information on pins during the medieval 
period comes from the activities of the makers of pins during 
that period, which were invariably formed into Trade and 
Manufacturing Associations, the Guilds. 
Medieval Guilds have been extensively studied 
Kowever, no study has ever been made of the Pinners 
Guilds generallyt or in any specific town. This present 
study has looked at some of the recorded references to 
pinners guilds in York, Coventry and London. This has lecl 
to some consensus idea of what was happening to pinners 
guilds up and down the country during the late medieval 
period. There are several distorting factors which limit the 
certainty with which this picture can be drawn. 
The incompleteness of the sources. This is due to, the 
fact that many of the written records. only occur from 
the 15th century onwards. Previous to this they are 
patchy, or non-existent. Thus much of the early history 
of pinners guilds is unknown. Time and resources 
available for this study also precluded more exhausting 
work in this area of research. This was particularly 
frustrating with regard to the small number of medieval 
documents which have been "translated" into modern 
English, or the lack of facilities to have this work 
done. 
The prosperity of the individual towns will affect the 
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history of the pinners, guild in that town,,. though not 
nationally. 
The earliest reference to pinners encountered is an early 
15th century, reference in the York Memorandum -Book [Sellars 
M, 1911, & 19141, and referring to pinners' apprentices-, reads 
"Every apprentice on his first day of apprenticeship shall 
pay 6d to sustain their candle as has been-'used 'since. --the 
Great Pestilence which fell in the year of grace-1349-",. From 
this it would appear-that there had been a pinners guild 
present in York before the mid 14th century. 
The pinners. guild is-first seen*on, the, "town council" Ithe 
forty eight)-of York, in-1379, with -two representatives. 
This gives it the representation of a 'major guild, - by the 
last quarter of the 14th century'in York. -., ý Incomplete records 
prior to this prevent definite recognition of the guilds' 
importance or foundation earlier in the century. Although as 
it failed to provide a member-of the Twelve (inner council) 
it could not have been long established nor that-important. - 
Work by Bartlett [Bartlett 19581 which included examination 
of lists of freemen shows that no freeman is recorded as a 
pinner in the lists of freemen dated 1311-1341, although 
wiredrawers and needlers do occur. There is some confusion 
over the exact nature of the work of "Aguilers", who were 
also present at this date, although these are often referred 
to as Needlemakers; it is possible they also made pins. 
Pinners do however occur plentifully in the lists of freemen 
dated 1411-1441 - 20 separate men being mentioned as pinners 
r 
178 
between these dates - compared with three wiredrawers (the 
same number as in the period 1311-1341, but there is no 
mention of needlers or aguilers). 
In London the pinners guild is first mentioned as returning- 
two men to the Council of London in 1376 [Longman &. -Lock 
19111. This again implies a substantial guild having, become, 
established by this date, its origins clearly being earlier., 
in the 14th century, though incomplete records do not allow 
confirmation of this. 
In Coventry there is mention of a man with the -trade of 
pinner, "John Bayley pinner of Much Parke Street" in-I1435. 
This first reference to a pinner in Coventry is from the 
Coventry Leet Books [Harris MD 1907-19131 and is later than 
those of York and London, probably due to: 
Incomplete earlier records 
That Coventry was not as large or important a city as 
London and York (the two most important towns in the 
land) and so with a smaller town, the need for a pinners 
guild was smaller, and so it was not incorporated as a 
guild, ie recognised as a trade in Coventry, until much 
later than in London or York. Presumably this early 
15th century occurrence is more indicative of the 
fortunes of the pinners guild in many of the smaller, 
towns of Britain. 
During the fifteeth century references to pinners in York, 
London and Coventry are commonplace, and several activities 
typical of medieval town guilds are seen. 
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1469 The Guild-of Pinners in London is recorded [Longman & 
Luck ý, 19111 as, ý having - supplied-- 20'-men -; to ý the City 
watch. 
1419/ A series of 
1430 in the York 
apprentices 
of a minimui 
enforced by 
or-ainances of the Pinners Guild recorded 
Memorandum Book, related to the use of 
by, master craftsmen, and the specification 
n'length for the pins produced'in the city, 
searchers, etc - fig 6: 6. 
During the late 14th and early 15th century records 
occur-of the York'pinners guild participating in the 
York Mystery Plays. They appear to have been involved 
in the Corpus Christi plays, performing the scene of 
"nailing Christ to the Cross" together with the 
Painters Guild (pre 1422) and Latoners Guild. [Purvis 
TS 19691 and [Stacpoole A 19691. 
1425 The specialised nature of the pinmakers guild in 
London was emphasised by the desire of this and 
related, guilds to be distanced as "the iron wire 
drawers and the cordwainers desired to ýbe separated 
from the pynners on the grounds that they had been 
employing foreigners to do the work of iron wire 
drawers" [Power E and Postan E 19331. 
Another classic feature of guild activity was the tendency to 
congregate. In York Bartlett [Barlett 19581 records that of 
the 12 Pynners recorded in 1381 Lay Poll Tax Returns for the 
City, 10 lived in the one Parish, ParoChia Sancte Crucis, 
currently the area around the Church of the Holy Cross in 
FIGURE 6: 6 Ordinances of the York Pinners Guild, circa 
1419-1430 - after Sellars M 1911 
Pynnercrals. 
Ea primes ordeigae est et awentu quo nul mestro do 
artifice de pynnercraft desormes reaceyve as teigue nul homme 
e4traunge du dit "fioe pur overer ovesqez luy, sinoun qil soit 
mys &I dit artifice pur servir en manere dapprentice come affiert 
dauncien usage et custume, et aicqmo eat use ea la citee de Loundres 
des vagarauatx et va"bundes et en. autres citeea du roialme, aur 
peyne do forfaiture do ml d. a Is chaumbre do counseil et xI d. a 
I& sustenance do lour pagy4e del artifice avantdit. 
Item si nul niestre ou servant du dit artifice face overaigne 
appurtenaunt al dit artifice ginoun quil soit par cler lumer de 
jour, qil eneourge Is peyne avauntdit; let que, sur mesme Is peine 
pur estre, paie en foarme suadite, face aucun, appurtenaunt al dit 
artifice en. Samady ne en. veiles dautre8 festes #preS que lez vespers 
soient aonez tanqez a Is prochein jour ferial ensuantl .... Item que desormes-chescun me8tre et servant du dit artifice 
ferrount tuviour overaigne del longure solonc lassise des certeinz 
ensamples quels lours serront baillez par lea sercheours du dit 
artifice, et cellu qui ferra au contrarie et de ceo ioit atteint 
encourgera Is peine suisdite et ataunt foitz qil serra trove coupable 
celle partio. gEt en temps de Piers Bukcy. mair. le xxiij jour 
d'Octobre Ian de grace mceccxxvj, ft"'- adjouste e8t a ceste orden- 
ance que null de lartifice auisdite preigne nulle maner de alien ne 
dautre nacioxf pyr overer en dite artifice, sur peine de xx s. a I& 
chambre et autres xx s. a ]artifice suisdite appaipre par le meistre 
qui lui mettera en overaigne a chescun. foite quý ce8te serra 
faite. ' 
Iteml que nul mestre du dit artifice tiegne apprentice 
, 
pur 
luy servir pur meyndre ternie que pur vi aunz au meynes, et 
celluy qui ferra a contrarie encourge ]a peine' de di. mark' 
auisdite ; ei auxint que chescun apprentice, le primer jour qil soit 
overaunt en le (lit artifice Raiera vi d. a Is au8tinaunce de lour 
chaundel, coin ad esto use puisqez Is graunde pestilence quo 
cheia on. laa* de grace mil cccxlix, oo our Is peine suisdite. 'Et 
que null meistre preigne ne teigne plusours apprentices forsqez 
deux emsemble, sur peyn de xiij a. iiij d. june moitea Is chanibie 
et lautre al artifice suisdite. ' 
'Fait a remembrer que le vjm" jour de Septembre Ian notre 
seignour le roy, eto.. ix- viendrent devant le meir, Richerd 
Badby, William Scotard, Johane-s de Cave, William del Brigg. 
Thomas Clerk, Johan Skypwith le puisne, William de Burton, 
Thomas* Middiltoa, Johan del Brigg, William Drax, Johanes 
Multon, Johanes Kirkby, Johan Sos .. ge, Adam Lutton, Johanea Skypwith leisne, ' Johan Potell. Johan Stele, praerent que si 
desormea ascune meiatre du dit artifice ne so vorroit confouriner 
destre justifie par lea sersours du dit artifice es choises appurten., 
autz au dit artifice, ou lea rebeller, ou countre esteier lour ordeign. 
&nee, que celly qui easy eat endefaut paiera xiij s. iiij d. en. Is fourtue suisdite. 1 
,, 1, 
ý 
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Fossgate, which was the largest and wealthiest parish of this 
date fig 6: 7. 
During the 15th century entries in the Coventry Leet Book 
[Harris MD 1907: --19131 pinners are found to be more widely 
spread . through the city, but i'nvariably ýhey are found in 
groups oftwo or three on any one street, eg for a loan 
raised for the King in 1434, pinners were recorded: 
2 pinners at Jordan Well 
2 pinners, at Erll Street 
2 pinners at Much-parke Street. 
By the 1450s ten master pinners are recorded in Coventry with 
four recorded living in Bayley Lane, which also housed a 
large number of wiredrawers, a guild much more numerous than 
the pinners with some 40 members in 1450. 
The latter part of the 14th and early 15th century marks the 
height of native British industry which, based on the wool 
and subsequent cloth trade, recovered well from the Black 
Death of the mid 14th century. The earliest areas to feel 
the decline in British economic activity which occurred 
during the latter part of the 15th century were the wool 
producing areas, which failed to take advantage of the 
developing cloth trade. York was affected in this way 
(Bartlett J 1959-601 and fell greatly in economic, social and 
political importance. Despite this the pinners guild, 
together with most metalworking guilds, remained unaffected 
and reasonably prominent, continuing to return men to the 
city council during the 15th century. In 1482-3 the pinners 
FIG 6: 7 
Twelve Pinners recorded in the Lay Poll Tax RetuIrns-for 
_York, 
of 1381 
Johannes Munkman 
Robertus de Badby 
Johannes de Selby 
Thomas Bakster 
Johannes de Hemelsay 
Johannes Burflete 
IN Willelmus de Brigg 
Ricardus de Drax 
Willelmus Wynter 
Willelmus de Pountfrayt 
all of whom lived in the parish of Parochia Sancte Crucis, in 
Fossgate 
Adam Miles who lived in the adjacent parish of Curia Reges 
Ricardus Spencer lived in Bootham, outside the city walls. 
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guild of- York merged with the". 1, wiredrawers. This 
Ilrationalisation" seems obvious if itýis consideredýthat the 
wiredrawers of York were probably only supplying the wire for 
pin manufacture, a reasonable assumption considering the 
ratios of pinmaker to wiredrawers at this time: 
Pinners 
Wiredrawers 
1411-1441 1511-1541 
20 7 
31 after Bartlett 1958. 
1ý C, .,, 
Clearly the pin mýers were required during this period, 
their trade having little tie in with the collapsing wool 
trade; compare this with Coventry 1450. 
1450- 
Pinners 10 
Wiredrawers 40 
Clearly the wiredrawers of Coventry had another outlet for 
their product, e% wcloý cO-v&s 
There, are still two members of the wiredrawers guild on the 
York City Council of 1518, thus showing the guild's, major 
presence in the city into the 16th century. 
The London pinners and wiredrawers guilds were merged in 
1553, presumably in a similar situation to that-of York. 
It is the latter half of the 16th century which sees a change 
in the fortunes of the pinners guilds, both of London and 
York (no records for Coventry). 
In 1579 there were no pinners mentioned as being on the York 
City Council, nor did they reappear on any later councils. 
6 
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In the reign of Elizabeth 1 (1558-1603) the London 
wiredrawers guild was merged with the girdlers guild. 
In. 1623 thepinners guild of-York came 47th in the list of 
contributors for the upkeep of the Mote hall, contributing 
6d, only the Locksmiths and Embroiders guilds contributed 
less. 
In 1762 there was the last entry for the Pinners Guild in the 
York City records. 
This decline in the fortune of the British pinmakers guilds 
appears to be directly attributable to the importation of 
pins in large numbers from abroad. There are large numbers 
of petitions and letters sent by the guilds to the ministers 
and monarch during the 16th and early 17th century, 
complaining bitterly about the importation of large numbers 
of pins during the period. 
The import of pins, however, had been going on for sometime. 
The earliest entries so far located are: 
1439-40 From -"The Local Port Book of Southampton (ed. Cobb H 
S 1961) where many thousands of pins are recorded as 
being, imported. In the example. illustrated,, part of the 
cargo list of the Venetian galley of Franciscus Dandolo, 
is here reproduced - 6: 8 - with 44,000 pins imported by 
various groups of merchants in the cargo of this one 
galley. 
The importation of large numbers of pins clearly would have 
an effect on British native pin producers, and though 
FIGURE 6: 8 Record of the importation of pins into 
Southampton, on a Venetian galley, circa 
""'1439-40 - after'Cobb'H 1961. 
fo. 7 7r 
4 April 
De galea unde Franciscus Dandolo est patronus 3 Ankr. 6s. 8d. plegius 
intrantc 4 die Aprilis: ýPawlus MorcH' 
De Pawlo MorcH' pro 2o barcHis saponis nigri Cust- 53. Pontag. 5d. 
val. 2o li. 
i dolio vini Cust- 4d. Cran, 4d. 
7 fardell' de safferon Cust, (3 li- los-) 
(valeu ios. la lb. ) Pontag. (7d. ) 
8 bat' et i balctt papiri (COMM 3s- id. ob. 
val. (12 li. iod. 1) Pountage 2d. ) 
6 bareltis vini Cust. (6d. ) 
4 
fo. 7 7v 
De George de Palase pro r barello saponis nigri Cust- 3d. r. 
val. 2os. 
De Benedicto pro 9 banqucrs val. 30s. Cust. 4d. ob. r. 
de Sancta Cruce 
De Lazaro de Nicoll' pro 4 banquers, i grose de Cust- 3d. ob. r. 
lasYs, 4 ketels, val. 
-23s. 4d. 
iS ulnis panni linii Cust. id. r. 
De Peanoche de Per' pro i dosyn et di. de sporis, Cust. 8d. r. 
i pare linthiarninum, 
6 grosys poynt', ,8 dosyn' cultellorum, 
8, ooo pynnes, 8 dosyn' 
myrrors, val. 53s. 4d. 
De George'Nicoll' pro i grose ct di. de poynt', Cust. id. ob. r. 
3 dosyn' culteHorum, 
x dosyn gerdCll', 2 
dosyn'sher', val. ios. 
14 utnis panni linii Cust. ob. r. 
De Andrea de Negr' pro 2 dosyn' patellis eneis CUSt. 2d. r. 
val. 13s. 4d. 
9 parvis combys de Cust. id. r. 
cvcryt Ct 2 hatt, val. 
69. gd. 
ý"l 
fo. 78v 
De Nicholao Calaffa pro 5 banquers val. z6s. Sd. Cust. 2d. ob. 
9 ketels val. 13s, 4d. CUSt. 2d. 
i dosyn patellis eneis Cust. id. 
parvis val. 6s. Sd. 
3 dosyn' cultellonun et Cust. id. 
6 pocWs, val. 6s. 
De Antonio Lande pro 5o dosyd cultellorum CuSt. 7d. 
val. 46s. Sd. 
2 banquers val. 6s. Sd. Cust. id. 
, De Nicholao Dantyvee pro i banquer val. 3s. 4d. Cust. ob. 
De Jöharine Bussate pro zo banquers et 2 cover- Cust. 6d. r. 
lett', val- 40s. 
7 grosys poynt', 3 dosyn Cust. 4d. ob. r. 
cultellorurn et 3oooo 
pynnes, val- 30s- 
De Marco Negr' pro 12 kctels val. 2os. Cust. 3d. 
3 banquers val. ios. Cust. id, ob. 
i haubergon'val. 6s. 8d. Cust. id * 
44 vergis panni linii Cust. id. 
De Luka Tose pro i dosyn et di. de sporis Cust. id. 
val. 6s. 
3 ketels val. 5s. Cust. id. 
12 dosyn' myrrours val. Cust. id. 
6s. 
5 dosyngerdcll'val. 6s. Cust. i d. 
5 dosyn' culteflorum Cust. id. 
val. 5s. 
De johanne de Deyna pro 6 banquers val. 16s. CUSt. 2d. ob. 
6 ketels val. ios. Cust. id. ob. 
(Sununa 3s. 5d. ) 
fo. 79r 
De Pawlo Roskc1o pro 2oo ulnis panii linii Cust, 4d. r. Whcrff. ob. r. 
De Petro Mariner pro 8 banquers Val. 26s. 8d. Cust. 4d. 
9 chaffcr' Val. 13s. 4d. Cust. 2d. 
x mapparia vat. ios. Cust. id. ob. 
De Nicholao Corffcwe pro i olla synzybcris veridis Cust. id. 
Val. 6s. 8d. 
De Demytrio pro 4 ketcls Val. 6s. 8d. Cust. id. 
de Barbalose io dosyn' cultellorum CUSt. 2d. 
Val. 13S. 4d. 
2 grosys lasys, i grose Cust. id. ob. 
poynt', 2 dosyn' ger- 
dell', 6, ooo pynncs, 
Val. ros. 
De Todord Cape pro 40 tOwaYlYs vctcribus Cust. 4d. ob. 
de Negr' Val. 30s. 
0 dosyn' dc keychon- Cust. 3d. 
ger' Val. 20S. 
!m 
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other port records of the 15th century are not as 
readily available as for Southampton, it is likely that 
other ports would have had imports of pins as well. 
1463 The English King, Edward IV, gave some protection to 
native industries against foreign goods, including pins, 
woollen cloth, knives, daggers, shoes etc. [Lipson E 1956 
p3961. This protection, presumably some form of import 
control, is not specified. The guilds still had certain 
power over imported goods, having the power to search 
for and confiscate any substandard goods for which that 
guild was responsible. However, Power and Postan 
comment [Power E and Postan'E 19331 that due to the 
large level-oE imports by 1464, the guilds found it too 
costly to practise this right, which by now was little 
used. 
1509 The importation of pynners (pins) was clearly still a 
thriving business at this date. Records of the imports 
by aliens through the port of London at this date [Gras 
NSB 19181 records more large imports of pins by 
merchants Rumbol id Stry - fig 6: 9 and Johanne Breamond 
- fig 6.10. 
1509-1547 A Statute issued by Henry VIII appears to be the 
next royal attempt to . protect the native British 
industry. By banning all substandard pins, a measure 
deemed by Longman and Lock (Longman and Lock 19111 to be 
specifically aimed at imported pins. "... all pinners 
are prohibited from being sold unless they be double 
headed, and the heads soldered fast to the shank of the 
FIGURE 6: 9 Record of the importation of pins into London, 
by one Rumbald Stry in 1509 - after Gras NSB 1918 
De Nfartino Britayne alienigena, iii sacci annesseede con- 
tinentes iii" di. flibras] c Ix potts de luto xx dossene 
disshes vi clossene corke Ciii xvi s. viii d. 
De Stephano, le Fever alienigena dc navi Reginaldi Rows ii 
fardelli cum iii' u1narum canvas vc ulnis teli albi LIV 
De Petro Provot alienigena de navi predicta, i barellus cum 
xi dossenis bonetts Franclie] Lvii vi s. viii d. 
De johannc Burskyn alienigena de navi Jacobi van Lare i 
barellus continens vi pecias et vi di. pecias'teli lini con- 
tinentes cc xv ulnas Lux pecias %-cter' cotons Lviii 
De Jacobo dc Ponte alienigena de navi Jacobi van Lare x 
bale mader LXXV 
De Ifenrico Wcntc alienigena de navi Andree Hughson ii 
sacci hoppes Eiiii 
De Gerardo van Dome alienigena de navi Andree Hughson 
I skyve tizilles xxxiii s. iiii d. 
De Nicholao Valcis alienigena de navi Reginaldi Rows ii 
pipis Isicl cum ix dossenis trassh cardes xiii' tazilles x 
(loqscni-. botelle- fiii 
De Rumbold Stry alienigena de navi Jacobi van Lare i 
maunde cum xii dossenis pannorum depictorum iiii't 
bundelli papiri nigri i di. cista continens xxx dosscnas 
poucheringes xii do-. -, cnc clowts pynes iii dossene parv' 
pouches c libre crosbowe fili iii' ct di. ilbi fili ix grossa, 
spectakils; tie navi Andree Hughson' v' paving tile viiic 
., ý, cru,, -cýiiii, -xbun(lellinigripapiri. , 
X. --x xiii s. iiii d. 
e navi johanni., Massiee xxvi dic Aprilis 
De e(xicrix niagistro alienigenn ii ciste suger Xiii vi s. viii d. 
FIGURE 6: 10 
De Petro Bosom alienigena de navi johannis Blake ii di. 
packes continent' xvi': ulnas teli albi Exxxii 
De johanne Richard alien igena de navi predict ai hog[eshedel 
cum libris impressis 9iii 
Dejohanne Victoryalienigena denavi Petri Busse iparvum 
trussum cum xxii virgis teli auri Axix vi S. viii d. 
De Dominico Soly alienigena de navi predicta i cista curn ý 
xvii peciis et remanentis velvet continentibus iii'vi virgas; 
de navi Petri van Creke i cista cum xiiii fvciis velvet 
continentibus cclx virgas ' zCC xii v S. 
De johanne Breamond' alienigena. de navi Petri predicti ii 
hogfeshedes] cum c dossenis pynnes ii fardelli i cista i 
mande i barel trane; de navi Petri Busse i hugleshedel ii 
parvi barelli continentes viii grossa pouche ringes vii 
clossenas Bruges fillij xxiiii libras fili riband viii dossenas 
wustede fili xiviii pecias satyne Sipers xii pecias fili Dornik' 
i peciam fustean Napuls ii coverletLs tapicery I uln[arum) 
ix pecias et di. diaper vi pecias cours towelles x dossenas 
napkins vc ulnas cotons di. dossenam cours cusshens iii 
dossenas cusshen pannorum xxxiiii di. pecias brusel vi 
pecias brusel teli et alia Siiii- iiii xvi s. viii d. 
De Huberto Counnaken alienigena de navi Petri Busse i 
saccus hoppes i bala mader xi rolles sakke clothe i cista 
tapicery cum viii beddes xxv u1narum le pece cc ulne 
veter' cotton' x pecie cours verdeur continentes iiii- 
ulnas fxVi 
Record of the importation of pins into London, 
by one Johanne Breamond in 1509 - after Gras N 
SB 1918 
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pinne well smoothed, the shank well shaven the point 
well and round filed, cauled and sharpened". 
This Act apears to have had little effect, for a few years 
later, during the reign of Elizabeth 1,1558-1603, the 
pinmakers of London were appealing to the ministers of the 
crown, in this instance the Lord High Treasurer of England, 
Lord Burghley, for more protection against foreign imports, 
which they estimate as costing the country E40,000 per year - 
fig 
1563 An Act, possibly prompted by the above petition, was 
passed which forbade the importation of, among other 
things, pins, daggers, gloves etc [Lipson E 1956 p4281. 
This appears to have replaced an earlier, weaker Act of 
1559 (Lipson E 1956 p1631; which had in turn replaced an 
even earlier Act of Richard 111 (1483-1485) [Lipson E 
1956 p4951. 
This new Act clearly failed to stop the importation of pins, 
seemingly no more effective than the previous Acts, as the 
guild of pinmakers were again pleading for import control to 
James 1 (1603-1625) (Longman & Lock 19111 with the estimation 
that imports of pins were costing the country E60,000. 
There is no evidence of any effective stopping of the 
importation of pins from abroad in the early years of the 
17th century. The Guild of Pinners continued in its attempts 
to control the industry. In 1605 the pinmakers obtained 
letters patent of incorporation, giving them an effective 
monopoly prohibiting people from doing trade in pins without 
FIGURE 6: 11 An appeal by the pinmakers of London to Lord 
Burghley, for protection against foreign 
imports. 
TO THE RIGHT HONOURABLE-'THE LORD BURGHLEY, 
LORD HIGH TREASURER OF ENGLAND. 
Your Lordship's godly care of the common 
wealth cncourageth your humble supplicants, the 
Pinners and Needlemakers of the City of London, to 
pray your honourablc aydc for restraint of foreign 
warcs-pins and needles. The bringing in wh 
, 
ercof 
is the cause that so many idle persons perish and 
miscarry for want of work. 
11 Now in foreign lands thcý poor arc so provided 
for, as the hospitals there find unto them meat, drink, 
and clothing, and the Artists have their works only 
for, instructing them. 
" And in this land (now that there is not such 
provision for the poor) your supplicants using that 
trade cannot live to sell their wares at so low rate 
as f6rcign wares arc sold. 
44But if they were restrained, many thousands 
should be daily sctt on work and made common 
wcalths men that now dic in the streets. 
"The Prcmisses considered and for that there arc 
abovc forty thousand pounds worth of pins and 
needles yearly brought into the realm which are 
nothing so good or well wrought as those arc which 
arc made and brought within the land. 
14 And the restraint of bringing them in will be the 
means of setting many thousands of our pý; or on 
work. 
" Now that lame soldiers and children, though 
they have not legs, may work on that trade, may 
it therefore please your Lordship to give your 
furtherance for revising a statute for restraint uf 
foreign wares Of 3 Ed- 4,4 (1 B- 3,12), 5 El- 7 
(14 El. I I). And your supplicants according to their 
most bounden duties will continually pray for your 
Lordship's preservation in health and increase of 
honour. " 
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being a member of the Guild. 
This period saw the decline of the power of the, guilds, and 
the rise of the power of independent companies, merchants and 
suppliers. There 'is virtually no mention of-the Guild or 
Company of pinners after the early 17th century, but 
increasingly pins become part of the general goods sold by 
grocers (mercers) and haberdasherst eg the contents of a 
mercers shop 1623, prepared for probate, included: 
Goods Value 
2 halfe doz of pins 6s 9d 
2 packets of pins 2s 6d 
1 remnant of pins 4s 2d 
after [Vaisey DG 19661. 
', I 
4 
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Pins-become increasingly an object for casual trade. 
1565 Roger Jones, grocer, imported 20,000 pins as part of a 
large general cargo, -on the ship Le Michael de Laughorne 
from Bristol'into Carmarthen [Lewis EA 19271 
Thus it would appear that by the 17th century the power of 
the pinners guilds had largely declined. Britain was 
afflicted with massive imports of pins with an increasingly 
weak manufacturing base of-its own. 
The large number of pins being manufactured abroad must 
clearly have been made a great deal more cheaply than their 
British counterparts. It seems probable that this could only 
be achieved by some cheaper way of manufacturing pins in 
Europe, not yet available in Britain. As the price of labour 
was fairly comparable between Britain and Europe it seems 
likely that the European pins had some degree of 
mechanisation in their manufacture, thus reducing the most 
valuable component in the manufacture of the process, the 
cost of labour. (See later 19th century costings on the 
economies of pin manufacture. ) 
'fhe statute passed by Henry VIII 5"TfraslsecL 
imports European manufactured pins 
L. IjAcii 'wer'c" [)oorly 
I 
11"ýI le, 1)'robao .' ly LILLe Co their early sub-manufactured 
stages. Certainly by the 17th century there is mention of 
pin making machines, though these are presumably only the 
head drop stamping presses (Chapter 7). The Stuart government 
appearsnot to have been in favour of machines and in 1624 
banned the use of a machine for making needles [Lipson E 
187 
19561. 
It is, however, despite such proclamations that John Tilsby a 
well known Bristol pin maker [Schubert 19481 is reported to 
have set up the first pin manufactory in Britain (presumably 
using the head drop stamping presses) at,.., Stroud in 
Gloucestershire in 1625-6 [Longman, and Lock . 1911 p191, 
[Phillips R 18391. - 
After this date, the manufacture of pins appears to have been 
done at manufactories run by individual owners, and worked by 
their employees. 
TABLE 6: 1 
HISTORICAL REFERENCES AND EVENTS RELATING TO PINS, 
PINNERS AND PINNERS GUILDS 
1200-1300 Earliest wire pins occur 
1349 Reference to the existence of a Pinners Guild in 
York 
1376 2 pinners on the Town Council of London 
1379 2 pinners on the Town Council of York 
1420 Controls on the sizes of pins made and sold in 
York 
1435 Pinners first mentioned in the Leet Book of 
Coventry 
1439-40 Imports of pins on Genoese vessels recorded in 
Southampton port book 
1469 Pinners guild supplied 20 men to the city watch 
of London 
1482-3 York pinners guild merged with the wiredrawers 
guild 
1518 2 pinners still on the Town Council of York 
1520-40 Henry VIII passed an act relating to the quality 
of pins being sold in Britain (to stop 
substandard imports? ) 
1553 London pinners guild merged with the wiredrawers 
guild 
1540-90 Petition by pinmakers to Lord against 
foreign imports 
1579 No further pinners on York Council from this date 
1598 London pinners and wiredrawers guild forced to 
give up its hall 
1608-1625 Petition to James I by pinmakers against foreign 
imports 
Chapter 7 
HISTORY OF THE PIN INDUSTRY 
Post 1600 
The Mechanisation of 
the Industry 
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HISTORY OF PINS 
guilds of pinmakers in every 
town during the Medieval period were not an organised 
a-C, at% industry. Separated by geography and tradition, pin 
producers had little need for organisation during the 
medieval period. 
The increased importation of pins during the end of the 
medieval period had, as we have seen, the effect of reducing 
the market and consequently the size and power of the 
individual town guilds of pinners. The occasional Acts of 
the 15th and 16th century banning the importation of pins or 
trying to control the quality 'of pins, discriminated against 
imported pins, but clearly failed to halt the flow of 
imports. This was probably due to the lack of a body who 
would enforce the laws with regard to pin imports. 
With the creation of companies holding national monopolies 
during the latter half of the 16th and early 17th century, eg 
Mines Royal and the Mineral and Battery Works Companies 
in 
1568, this mechanism seemed to offer some form of centralised 
authority and control. Therefore, in 1601 on the accession 
of James I the pinmakers, presumably the London guild of 
pinmakers who had become part of the Girdlers Company, tried 
to obtain a charter of incorporation (as a monopoly company 
for the manufacture and supply of pins) through Sir, Thomas 
Bartlett, who was an influential courtier of the, times.. 
Sir Thomas was already involved in prosecuting a pin merchant 
for importing pins from Holland. The British pinmakers 
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claimed that these imports threatened, the livelihood of their 
20,000 employees (an, exaggeration). The Dutch, -replied-that 
the British production was too small, to meet'demand, and that 
they would retaliate if, importation of-pins were, banned. -The 
Privy Council resolved the matter by taxing imported pins 
and obtaining promises of markets for British pins abroad. 
1615 Saw another attempt at controlling, imports, 'by the 
British pinmakers, which, again ended with a judgment by 
the Privy Council. '. i.. 11 - 11 
1626 Tradition suggests J Tilsby set up the first pin 
manufactory at this date, near Gloucester [Philips R 
18391. 
1630 Mr Lydsey'was granted a lease for calamine mining and 
brass-wire production by the Mineral and Battery Works 
Company, since it was hoped that by using his 
connections with the pin trade he would 'advancel the 
British pin industry. 
1635 Sir Thomas Bartlett obtained a concession to supply all 
the British, pinmakers with wire and buy all the 
finished pins. - He then'again tried toýllimit the import 
of pins, ' giving himself, a cosy monopoly, but heý, failed 
to gain this and the scheme collapsed., 
1635 Lydsey tries to gain control of the Pin-makers Company. 
He got the charter of incorporation of the pin-makers 
(presumably granted'around 1600) renewed, giving an 
annual fee of E500 to the Crown. 
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1637 He is by now supplying wire, probably,, a 'virtual 
monopoly manaufacturer of British brass wire, courtesy 
of the Mineral and Battery Works Company. ýOther pin 
producers complain of having to-use Lydsey's poor 
quality British brass wire. '. 7,, 
1638 August 10th, Lydsey gets the importation of brass wire 
banned, thus tightening his grip on the monopoly, and 
immediately raising the price of, brass wire-from E6AO 
a hundredweight to E8,00 per hundredweight. He- also 
managed to bind the Company of Pin-makers into* an 
agreement with him to annually buy 200 tons of wire, an 
amount which was, according to other wiredrawers and 
sellers of London, greaterithan was ever wrought in 
this kingdom. 
Lydsey had gained his control of the Pinners Company, largely 
by taking over the interests of Sir Thomas Bartlett. Over 
the years 1638-9 Bartlett's son-in-law won back the pin 
manufacturing side of the business from Lydsey, and thus the 
E500 levy to the crown, for the suppression of pin and wire 
imports. Lydsey kept the brass wire manufacturing side of 
the concern. In 1640 ýhe King, Charles I, attempted to 
become the middleman in this arrangement, buying all Lydsey's 
wire at a given price, and supplying all the wire to the 
pinmakers at a higher price. Who would refuse a king a 
monopoly? The Civil War ended any such arrangements. 
The Civil War was a period for which few records exist, and 
during which time little commercial activity, apart from the 
armaments industry, fared well. 
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After the Civil War, 1665, the pin industry was cited as 
having been a successful industry under the protectionist 
measures employed pre-war with Britain now exporting pins to 
Spain, France and Holland. It still imported brass and brass 
wire, or it was produced by an ailing British brass industry, 
often at a loss. Protectionism was sought for the brass 
industry as it had been for the pins. 
In the 1690s the repeal of the monopolies of the Mines Royal 
and Mineral and Battery Company allowed many new brass making 
concerns to spring up, eg Bristol Brass Company, which 
started at Baptist Mills, Bristol, in 1702. This created a 
plentiful supply of the raw material, brass wire, for the pin 
industry of the 18th century. Much of the copper and brass 
production was centred around the Bristol Channel, eg 
Swansea, Bristol, Redbrook (Forest of Dean). The pin industry 
which had survived the 17th century due to the State 
protection from imports reacted to the West Country Supply 
and the new pin works of the 18th century were founded, some 
in the same West Country area; principal amongst these was 
the Gloucester and Bristol area. 
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The earliest pictures and descriptions 
_, 
of the pin making 
process, which are accurate rep'orts 'by"'authors closely 
observing the pin making process, first appear in the mid 
18th century with a rise in that period of the "technical 
encyclopedia' and the increasing, interest7-in technical- and 
mechanical matters. 
The earliest description comes from D Diderot and J D' 
kembert: 'Encyclopedie on Dictionnarie Raisonne des, 
Sciences, des Arts et des Metiers' published in the period 
1751-1780. 
Diderot exactly illlustrates the pin making pr6cess; with 
tabulation, later authors 4-ý e C) [Tylecote RF 
1972 '7 Sj have drawn on I this source to 
offer interpretations of,,,,, the pin making process., In order to 
illustrate the state of the pin making art, at, this mid 18th 
century Diderot's illustrations are here reproduced, together 
with explanations of what the various processes illustrated 
are likely to have been. 
COMMENTS ON DIDEROT 
'- ,-. --., ý'"6. Concerning FIGU9, E 7: 1 (oyer paj,, e)- 
Proces'ses denpýed in- Che 1)notoi; rýý) 
- 
11 
7__Tlý Y 
Inspecting the wire in the light, possibly for defects 
that will cause failure on further drawing. The bench 
here has several long grooves, - possibly to act as 
swages, thus the wire would be beaten into these by 
hammer reducing its diameter in order that this would 
pass through-the die to give sufficient grip to allow 
FIGURE 7: 1 A pin manufactory, circa 1750, Plate 184 from 
Diderot's "Encylopedie on Dictionnarie Raisonne 
des Sciences, des Arts et des Metiers". 
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the rest of the wire to be pulled through? 
The washing may well have been the immersion in a soapy 
or oily solution, to coat the wire with a lubricant to 
ease its passage through the drawplate. 
An alternative is that the cooling of the wires after 
annealing has taken place. 
Drawing through multiple hole drawplate. This suggests 
that several drawing processes of varying reduction 
diameters were done on the same bench, ie likely that a 
wire went through several shallow drawings to reduce to 
diameter, thus intermediate annealing is likely. 
The pot on the fire may contain coils of wire which are being 
annealed between the drawing stages? 
Clearly a wire drawing stage was regarded as part of the pin 
making process, although practical measurement shows that 
wire of similar gauge was used for other purposes, eg at 
Chelmsford, loops etc. 
kover Concerning Fý&UML. 7: 2 
rocesses denoted in tlic j)hotograj)h. ( 
Grinding 
The points appear to be ground onto both ends of a piece 
of wire, which is double the usual pin length, this 
agrees with the textual descriptions of the process in 
4 
I 
FIGURE 7: 2 A pin manufactory, circa 1750, Plate 185 from 
Diderot's "Encylopedie on Dictionnarie Raisonne 
des Sciences, des Arts et des Metiers". 
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this and later periods. 
Here the boy appears to be working with short pieces of 
wire, ie probably the wire pieces pointed at both ends, 
one here being cut in half to the actual pin size. The 
box or stop the boy uses equals a measure of the pin 
shaft length 
'clear standardisation of-soMe kind appears to Thus", *a be , 
e ng! employed11"- 
This boy is cleiiilyý-. 46inq, a slightly different job to his 
companion in:, -, 
Where the io-ng si'ifaig'ht--lengths oLý, wire. '. ýare being cut, 
0ý' they presumably at the-double pin 1ýpgýh -, that can 
ointed on the grindsto-nes' then 6'e1 p 
Here the workman is pulling the coiled wire off the 
i)(I LiiIS01 (ýIlv ' (, (-)i I ý";; Iciil i Ilk' ý ! -, 
iý ýý 9)s 110 wIIi rl FIý, II I'l i ", 7.2 
AId 
Tu 
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wheel 'G' through the straightening nail board 
&Q 4\ 0 t'eck j (d)' so that a coiled wire is trained into 
long straight rod, before they are cut into 
double pin lengths; DLI'cý -S , This straightening 
is very necessary in order to give straight pin shafts. 
At the same time as the wire is straightened, cut, pointed, 
and cut into pin shafts, the wire used to make the heading is 
being prepared. 
This machine winds the wire into a continuous tight coil 
(like a spring). 
deLaits ýire shown 01yosiLe in f Lý,, s 14, lu ýin(! 2() 
. The rope drive, from the large hand 
turned wheel, goes around the rod '(a-f)'-(, \ Jil'ý20 
in one of the groves between positions 1 and 2 
or 2 and 3. This turns the spindle . The head 
wire, which appears to be the same wire which can be 
straightened for the shaft 
runs through the loop (b), then over and around the 
spindle (the end being held near position (c)). As the 
spindle is rotated the weight, moves down the 
spindle Cc)to(aý)holding the incoming wire onto the 
spindle around which it is forced to wrap as shown by 
the spiral of wire on the spindle between(c)and(b)'tn 
ý'ý 20 
When it reached 
the end of the spindle(a), the coiled wire was slipped 
off the spindle , to be wound onto a wheel, as shown in 
Du La 11 ", o 1- t, iIo, t, iI11 ie; ldi iii,, ý t: Ila cIii ne 
'sh ow iiini, ' I (; URE7: 3 
14 
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(b) Jc 
Then the weight is 
repositioned at the top of the spindle, (c) ji, ý20 
and winding commenced again. 
Concerning FI(, 1-31PE 7: 3 WVCr P; 1'1"C') 
i'roCesse! ý k! 0110L(Itý i-n Lile 1)iiOLOý,, 1-, -ij)ii 
In the centre of the plate a man, S is 
cutting a length of wire, n, which appears to be in part 
coiled into smaller pieces, which then go into a tub. He is 
cutting several wires at once. As the pin shafts appear to 
have been made in FIC-aRC-7: 2 this is probably the cutting of 
the head wire into pieces suitable for pin heads (roughly two 
complete turns of the wire spiral are commonly found in 
practice). 
The head wires and shafts were then given to the heading 
machine operators, 
4\111sa operators put head wires into the multiple head dies, (y) 
fn IG in groups of 4, and mount the tops of the 
shafts into them. Then the foot treadle, (f) ji-ý16 
was released allowing the weighted 
punch (00 to descend. This 
forces the top face of the die W J"I 19 onto 
the lower face of the die (y) ji,, ý (q crimping 
the head wire onto the shaft, and moulding that head wire and 
shaft into a ball shaped head. The complete pins being put 
into the collecting trays 
The pins, now complete, were tinned. It is probable that the 
pins were washed before tinning (to remove the surface grease 
FIGURE 7: 3 A pin manufactory, circa 1750, Plate 186 from 
Diderot's "Encylopedie on Dictionnarie Raisonne 
des Sciences, des Arts et des Metiers". 
LIA -ý 11-i. 1-00" 
t ii ftiir . SIO"fl in i' I Ji /3 
_1 0 
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and dirt in order to give a good even tin coating) 
The tin received in unspecified form, probably ingots, was 
melted down, and cast into a thin 
sheet, Jýt 6 The sheet tin appears then in Pý39 
to be cut into a circular form. The cleaned 
pins are put into circular trays, tý3ý (61,1- the 
trays have the circular tin sheets in them, 
The trays were lowered into tubs, ji% 14- 
RC> S) which were filled with a salt 
solution, eg sodium tartrate. The electrochemical reaction 
of the tin and brass through the electrolyte, 13 
1-2st , 
thin coating of tin on the pin. Using the beam in ji-ý11 
it is clearly possible to suspend the tub, 
above the fire, if 
necessary, to apply heat to speed up the reaction of the 
tinning. After being tinned the pins are washed, 
then they would have been tumbled, Jýi-ýI 
and shaken, J,, ý, ý, +S with 
'bran' or some other mild abrasive, to bring the tin coating 
to a shine (although one of these processes can also be 
interpreted as the drying after the washing). 
At some stage, possibly before tinning, or at this final 
198 
stage after shining, the pins are sorted by length,,, 
using -i sýo n, ided box o Clearly again the method - oE 
classifying pins, was-, by- 
length. 
Several written descriptions of the pin making process -also 
come from this late 18th early 19th century period. During 
this period, 1700-1820, of undoubted expansion ýiný the pin 
industry, the descriptions from 1700,1756 and 1820ý, describe 
virtually the same process, identical in man respects 'to, 
that pictured by Diderot. " -, rl, - ,ýý- 
The description of pin manufacture by the Dockwra Copper 
Company - from an account by J Houghton [Alexander W0 19551 
about 1700 AD. 
Brass from furnace poured between two stones to make a 
plate. This cut to seven or eight strips, each rolled 
(water powered rollers), metal being occasionally 
annealed. Sheets created were then cut into threads, 
and then drawn to wire of the required gauge. The wire 
was cut to lengths of 5-6 yards, then to pieces 6-8 
inches, and then cut to the length of a pin after 
pointing. Then a separately made head was stamped on. 
The finished pins were whitened with tin and argol. 
Then tied into bundles. Each of these processes was 
done by a separate Ispecialised' workman. 
Description of Pin Manufacture at the Warmley Works in 1769 
[reported in Hamilton H 19671. 
Brass cast in flat moulded stones, producing a plate 4 
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feet x 3-feet. ýPlates cut-iný 171-strips. --Theseý strips 
were then cut by machines into many,, more, narrow. ones, 
which were then drawn out to a length of 17-5, ft. -. ýThese 
were then drawn further into thin -wires. -The wire--was 
sold in bundles (each capable-of, producing "100-, 000,, pins) 
to the pinmakers, some of whom were located in Gloucester, 
others worked on the company's premises at Warmley. The 
wires were cut to the pin lengths then pointed and headed 
by girls who worked small machines with their feet. The 
heads were made by women using a machine like a common 
spinning wheel. The pins are reported to have been 
separated from each other by men using shears, though this 
is likely to be a confusion of an earlier process of 
cutting wire pointed at both ends into two pointed shapes 
for subsequent heading. 
Description of Pin Manufacture in a pin manufactory in 
Birmingham in 1820 (Hamilton H 19671. 
Wire was drawn to the correct size. The wire was 
straightened then cut to lengths. The lengths were 
pointed, and then cut again to form a couple of pin 
shafts. A wire is twisteJto form the head wire by a 
wheel. The twisted wire is cut into heads. The heads are 
then annealed. The head is then put on the pin shafts. 
The pins are then washed and then boiled in a liquor 
consisting of tartar and tin. The pins are then dried, 
and put into folded papers. 
In short, the process had not changed between 1700 and 1820, 
although the market for pins had undoubtedly increased. Thus 
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it can-be readily assumed that theýorigins in, the manufacture 
of pins, its peculiarly precise divisions of labourý_etc, were' 
probably-originally devised in the centuries before. 1700; -,, the, 
16th and-17th centuries in which the birth of many industrial 
processes can be identified being the most- likely genesis- 
point for this craft turned production line. 
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The 18th century saw the rapid change in the fortunes of the, 
British brass industry and its manufactures. It had started 
the century as an importer of European brass manufactures. A 
newly invigorateck native brass producing industry, however, 
rapidly captured the British home market. This was 
undoubtedly helped by the relative stability of the British 
political and economic life during the end of the 17th 
century, as compared to the still unstable Europe, whose 17th 
century was turbulent to its end, with the military activity 
of France in particular destabilising the continent. 
There was also a burgeoning market in the trade in the 
colonies, Africa, the Indies and America; and the newly 
emerging British manufacturing industry having quickly 
captured its own market went on to compete with the European 
producers in these new markets in the middle decades of the 
18th century: and having soon captured a large volume of this 
trade went on to actively export into Europe, especially 
regions away from the Flemish brass manufacturing centres, eg 
France and Russia. The second half of the 18th century saw 
many European states adopting tariffs and other protectionist, 
measures to limit the volume of British manufactured brass 
products entering their countries. 
The pin industry appears to have been in the vanguard of 
British brass manufactures with the recording of exports to 
Europe as early as the latter half of the 17th century. The 
expanding European and colonial markets appear to have 
provided the impetus for large volume manufacturing of pins 
in the 18th century. 
-"q 
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Examination of l9tý century written sources reveals detailed 
variations in the separate, aspects-of pin manufacture. 
The manufacture of pins is clearly a well advanced trade with 
numerous small specific tasks: point grinding, wire drawing, 
wire straightening etc, to each of which is usually devoted a 
separate workman with specialised specific. tools. This 
division of labour and its consequent efficiency, at a rate 
of about 4,800 pins per person per day output from such a 
workshop, was the, point made by Adam Smith, in his "The Wealth 
of Nations" [Smith A 17761. Hisiperception of the actual pin, 
making process was not as accurate as Diderot's. 
In 1836 another clear, and first hand, account of the pin 
manufactury process was written by Sir George Head in his 'A 
Home Tour through the Manufacturing Districts of England in 
the Summer of 18351 [Head G 18361 where he describes the 
maufacture of pins in a workshop in Warrington, Lancashire.. 
The initial stage continued to be the drawing of the fine 
wire and its straightening between alternate rows of pegs. 
The wire is then cut to 5-6" lengths and alternates between a 
grinder, at a steel grinding wheel, who points both ends, and 
a cutter who then 'by eye' cuts off the equivalent of a pin 
length from both ends before returning the central portion 
for repointing; and so on until the length of wire has been 
completely made into pins. Diderot's workshop may indeed 
have engaged in this form of pointing of shafts, rather than 
the simpler process described previously, though the lack of 
length control in this Warrington workshop is noticeable. 
The heads are still made by boys, winding the wire' onto a 
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spinning shaft, then cutting two turns off this ýhelix, ý a 
point the author is most emphatic about; one or three ýturns 
would be rejected he claims. Using a similar heading machine 
to that illustrated by Diderot, girls stamp the' heads-onto 
the shaft, two at a time. I. .1 
The tinning of the pins is achieved by boiling them in, a 
solution containing grains of tin, clearly little change from 
Diderot, although the use of children in the workshop, rather 
than men as illustrated, is clearly indicated. Further light 
is shed on the English pin industry in this first half of the 
19th century, from the records of a pin manufacturer, 
reported in 1925 [Ashton TS 19251. This records the pin 
business of Peter Stubs and Joseph Wood, who set up pin 
manufacturing in Warrington in 1814, due to the "abundant 
child labour". Records show other pin making centres in 
Britain at the time as London, Bath, Bristol, Gloucester, 
Birmingham, Dublin, Glasgow, 'Liverpool and Manchester, with 
Gloucester pre-eminent amongst these. 
Among the technical details included in this article, which 
leans heavily on G Head's 1836 work, is reference to cleaning 
the wire after drawing by immersion in dilute vitriol, which 
may be an explanation of Diderot's part figure 7: 1: 2. 
Different rates are mentioned for the pointing of different 
grades of pin. Nos 4-and-a-half, 5 and 6 were ls ld for 10 
lbs and for B. W ls for 10 lbs. Both Ashton and Head refer to 
the head wire as a "finer wire", which might well even have 
been so for Diderot, but it is not certain. Again" heading 
etc was work done by women and children, and indeed all 
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authorities after this date refer largely to women and 
children Joing the pin making tasks. Frequently various 
stages of the pin making process were done, in separate 
workshops often in the workers' houses, with the employees 
(usually women and children) using equipment owned by the 
firm. These home workshops were frequently hired as 
sub-contractors rather thanjýpmploying their workers directly. 
The men continued to be employed, largely in the tasks of 
wire drawing and preparation, and in the "whitening" or 
"blanching" process, when the pins were tinned. Ashton 
specifically mentions argol (cream of tartar) to which grains 
of tin were added as the "blanching solution". All the 
packing and sorting of the pins - common pins being sold in 
boxes by the pound, the better grades stuck through folded 
paper and made into sheets of pins - were done by women and 
children. 
The technical operations vary little with time or place, it 
is the fluctuating economics, especially the cost of raw 
materials and labour, and the price which can be charged for 
the final product, which influences the industry. 
In March 1821 the expenses of manufacture of 212 lbs. of pins 
of BW type comprised. 
Drawing 6 rings into sha 
Drawing 1 ring into head 
Pointing 6 rings 
Head cutting 
Heading 212 lbs at penny 
Whitening, packing, rent 
E 
nk wire 76 
wire 38 
15 9 
65 
three-farthings per lb 1 10 11 
etc at ld per lb 17 8 
Cost of wire 13 14 0 
Total cost 17 15 11 
.i 
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The pins were sold at one shilling'and seven-and-a-half pence 
a pound, giving a return of E16 17s 3d. (Spare heads left 
over from the above 12s 3d, and other scrap metal lls 6d. ) 
The price of pins varies over this period, mainly as a result 
of fluctuations in the price or wire, or the public demand 
for pins. Several fluctuations in' the industrvIs 'fortunes 
during the first third of the 19th century are commented upon 
by Ashton-, but the process' of 'manufýcture- appears not to 
change at all. During the 1830s concern starts being 
expressed about the conditiol%a of the workforce, especially 
the use of children, ' and this industry was mentioned in the 
First Report in 1833 of the Factories Inquiry Commission. "' 
Continuing the interest of the economies of industry during 
the 19th century Babbage [Babbage C 18351 comments on the 
division of labour in the pin industry, which he appears to 
have observed at first hand. During this description several 
technical details are given. 
i The brass wire used was Swedish. 
ii The wire being drawn was not drawn through a 'series of 
holes of regularly decreasing size, but rather of 
variably descending diameters, as the percentage of 
elongation of a wire with a series of six passes through, 
a plate varied thus: 
Pass through lst hole 48% 
Pass through 2nd hole 29% 
Pass through 3rd hole 6% 
Annealed 
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Pass through 4th. hole 39% 
Pass through 5th hole 23% 
Pass through 6th hole 27% 
The wire continued to be annealed and drawn, and the 
initial length of 44 ins is elongated to 1728 ins. 
After drawing, the wire is soaked in dilute sulphuric 
acid, and then beaten on a stone to remove the scale 
from it (see part figure 7: 1: 1 of Diderot). 
iv The straightening of the wire is now done by women. 
v The wire is cut into lengths which are then pointed (the 
steel mill on which this is done having a coarse 
grinding and smoother finishing surface). The pointed 
ends are snipped off at pin length, and the wire 
continues to be repointed to make further pins; men, 
women and children are all employed in this task, and 
are capable of phenominal rates of 34.5 to 36.5 lbs. of 
pin shafts per day. 
vi The head wire is of a narrower diameter than the shank 
wire, and is spiralled around a piece of thicker shank 
wire (revolved on a machine identical to Diderot); the 
operator using a hand held tool to keep the wire 
spiralling around its formerý. This operation is usually 
done by a boy, but it is a man who does the cutting off 
of the double spiral of head wire. 
vii The heading operation is similar to Diderot, but only a 
die with a single cavity is used (a single pin per 
operation). It is interesting to note that three or 
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four blows are required to make the pin head secure (a 
fact also mentioned by Ashton), the pin being revolved 
so that different sides are flattened by the die (thus 
giving rise to multiple facets and markings on finished 
pin heads. 
viii The operators of the heading presses are women and 
children, 10/15,000 pins a day can be headed in this 
manner, though there is obviously more on the dies 
whose form (and so the consequent pin head) can be 
varied according to the fashion. 
ix Tinning - the pins are first pickled to remove grease 
and dirt, then put into a solution of "tartar" in water 
together with grains of tin, in which the pins are 
boiled for 2-and-a-half-hours. They are then washed in 
water with bran, and dried by shaking with dry bran. 
They are then packed in folded papers. 
Babbages description, nearly 100 years after Diderot, clearly 
shows virtually no change in the techniques employed in pin 
manufacture. Babbage also compares the cost of making the 
English 'elevens' type of pins with those of the French No. 6 
pins (eight-tenths of an inch long - the only reference to an 
actual measured standard yet found) produced 70 years 
earlier, as described by M Perronet. 
Time (hours) 
Cost (pence) 
England 1835 
16.6 
27.9 
France 1765 
24.3 
4.7 
Clearly the efficiency had improved in doing virtually the 
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same process, by nearly a third (32%) although inflation even 
during the 19th century had raised the costs of production', 
doubtless in line with the standard of living! 
Babbage then goes on to describe the mechanical processes of 
a machine (invented by an American) which starts with brass 
wire, cuts it to individual pin shank lengths, points the end 
(with steel mill of two grades) and then heads the pin 'by 
punching the top end of the pin down into a conical cavity in 
the top of pincers which are holding the pin, this conical 
head is then given a conical top by a second punch, thu's 
creating the so called 11upsett" headed pin. 
This machine, it is to be noted, uses wire which is soft (ie 
in the annealed state). The head form created by the machine 
is favourably received by Babbage: the machine is, however, 
slower than 'hand' manufacture of pins in all but the heading 
process. 
This is the earliest mention (1835) of the, "upsett" headed 
pins, which became increasingly popular throughout the 19th 
century. 
I 
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Further mentions during the 19th century of the processes and 
conditions occurring in the manufacture of pins occur in the 
"Book of Engish Trades 1839". 
The processes of initial wire drawing, straightening, etc are 
again mentioned, with usually six pin shafts being derived 
from the initial length of pin cut and sharpened to form pin 
shafts. The head wire is again coiled on a spindle, but the 
specific step of annealing the head wire, after it has been 
cut into shaft sections of two twists, before they are 
stamped onto the head is mentioned. The heading process is 
described as previously, and the tinning solution is 
described as being composed of "a solution of tin and lees ofw, -Ne. 
1/k'v%Q- 
_gins _w9-r9- 
dried and made shiny by tumbling in bran. The 
pins of London are said to be the best, so they use two steel 
mills for pointing. "The pins of England are generally 
better; those of France, especially Bourdeaux, being next-v 
It is interesting to note that-, "the pinners of London use pure 
granulated tin for tinning their pins, another reason for 
their good quality; whereas in other places they mix their 
tin with lead and quicksilver (mercury) which not only 
blanches worse than the former, but is also dangerousig. 
There is also mention of metals other than pure tin being 
used for the coating of pins. There is also mention of a new 
instrument for heading pins (not described) patented by Mr 
Bunby (a Londer) in 1809. one wonders if this may refer to 
the "Upset" headed pin form? The sizing of pins is now more 
clearly established; from the smallest, minikins, then 
numbered size three, three-and-a-half etc to 14, then 16,18, 
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20 which is the-largest. Again clearly the of pins 
is done, on size, presumably length. 
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A closer look has been paid to the economic fortunes of the 
early 19th century pin industry (Jones SRN 19731. Though 
no specific information is given on the processes used,, there 
are interesting demographic changes in the industry - noted 
but under emphasised in the article. Several centres of pin 
production are named: Gloucester, Bristol, Birmingham, 
Warrington, Bath, Dublin, London, Liverpool, Manchester and 
Glasgow. The first four places mentioned had many of the 
largest manufactories, however, using the trade directories 
and dictionaries of the period it is easy to see the changes 
in the number of pin manufactories in major cities. 
1810-11 1820-21 1829-30- 1842 
Gloucester 10 5 3 2 
Bristol 5 7 8 4 
Birmingham 1 1 3 4 
Warrington 3 3 3 2 
Gloucester, which appears to have been pre-eminent in pin 
manufacturing centres in this country during the 18th 
century, is in decline. Increasingly production is being 
concentrated in large cities, towns and centres of' 
population, presumably the need for the closeness to a market 
and the supply of cheap labour, was becoming pre-eminent 
rather than the idea of craft tradition or a pool of 
craftsmen's expertise being available. 
There is specific mention of the use of machinery for pin 
manufacture during this period. Stubs Wood a Warrington 
firm, and Hull English Company were, during the 1820s, 
experimenting with machinery. During the 1830s west country 
aa 
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firms gradually-started using. them, some making -whole pins, 
some just heading shanks (presumably making the, lupset' type 
of head); but'poor quality, and wastage of wire meant that- 
adoption of machinery was slow. - 
Further detailed descriptions of the pin making process occur 
in the plethora of encyclopaedias and dictionaries that 
appear in the latterýhalf of theý19th century. 
The first example, from the "Cyclopaedia of Useful Arts 
Mechanical and Chemical" of 1854 [Tomlinson C 18541 contains 
a very similar description to those or previous authors, but 
adds several specific points. 
Each pin must pass -through 14 pairs of hands (this 
compares with ten persons in, different operations noted 
by Adam Smith in 1776). 
The wire the pin maker receives is in the annealed 
state, and covered in oxide scale, which is first 
removed (dilute sulphuric acid, then beaten). 
The initial lengths of wire, cut after straightening, 
are about 20 feet-before further cutting to length 
"about sufficient for six pins" for pointing. 
iv The head wire used is finer than the shaft, wire. .II 
v The head wire is coiled, by winding onto a spindle 
called a "mould", 40" long and the thickness of a pin. 
The headwire is held tight to the coiling mould by means 
of the wire passing through two small loops in a wooden 
handle, which the workwoman holds in her left hand. I- 
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vi Two to two-and-a-half coils of head wire. (more than 
previously) is cut off using a guillotine, which, is,; a 
sharp chisel with a regular chopping section, from cog 
and spring system. This is the first major innovation 
in a 100 years, replacing the simple manually operated 
shears. 
vii The completed pins were first cleaned by boiling in 
Ilsour wine lees, or a solution of cream of tartar" for 
half-an-hour. The tinning was done by laying alternating 
strata of pins and granulated tin, in a copper-pan4, --this- 
is filled with water, 4 oz of cream of tartar 'added, 
boiled for an hour. This operation is repeated once-or, 
twice, with intermediate washes of cold water. Clearly 
this is a complex tinning process, not the simple 
boiling of tin and pin in a cream of tartar solution 
described by earlier authors. This process more 
precisely matches the processes illustrated by Diderot, 
with Diderot having many separate pans in one tub, 
rather than many layers. This more exact tinning may- 
well always have been carried out for tinning pins 
during the intervening years, but due to brevity, not 
fully described by previous authors. 
The use of pin making machines is noted at an alternative, 
especially the type patented by Wright 1844. These are again 
revealed to be making heads by deforming the shaft, though 
this necessitates the use of a softer form of brass to make 
the pin. 
The second example, Dr Ures "Dictionary of Arts and 
41 
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manufacturers, " 7th edition of, 1875. This reference ý'again 
contains a-similar description of pin making to the previous 
texts, differing only in a few minor points. 
Again reference is made to the manufacture of the pin in 
14 distinct operations. 
The wire, after straightening, is cut into 30 ft lengths 
before it is trimmed to pieces equivalent to three or 
four pins long, for pointing and cutting into shafts. 
The cutting of the wire into pin lengths, and for 
cutting of two twists of head wire, were both done by 
'adjusted' or 'regulated' chisels, which were mentioned 
in Tomlinson's Cyclopaedia. 
iv After the head wires have been cut into individual 
heads, they are annealed, and then rapidly quenched by 
being "thrown into cold water" directly after the 
annealing. 
v The tinning process is exactly that described by 
Tomlinson, although clearly not a copy of it. 
Ure also describes two machine aided pin manufactures. 
This is just a heading machine. A number of ready 
pointed pin shafts are placed in the machine, which 
gives them the 'upset' type of head by deforming the 
shaft into the head shape with punches. This may be a 
precursor antecedent of the fully automatic pin making 
machine, or it may be a machine, later adapted to add on 
to the existing by hand manufacture process of pins, in 
215 
order to satisfy the demand for the new 'upset' headed 
type of pin. 
A fully automated pin making machine, of the type 
described earlier, again referred to as the invention of 
a Mr LW Wright. 
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Another account from the latter half of the 19th century. 
[Timmins 18661 relates that "In England the spinning of wire, 
which was afterwards cut into detached heads to be punched 
upon the pointed wire by hand dies has been entirely 
superseded by the manufacture of solid headed pins. " Thus by 
this date most of the heads being made were the solid heads, 
often by machines which put a solid head on an already 
pointed shaft, as mentioned by Ure. But even this method of 
manufacture was becoming less common, as Timmins reports that 
"This method of pointing by hand, though it produces 
excellent work, is fast disappearing. " 
The machines described earlier, which make the pin entirely 
automatically, were apparently making increasing numbers of 
pins if not the majority of them, by this date. With regard 
to the automated pin machines, Timmins reports that they were 
first patented by Mr Wright, an American, in 1824, and have 
been subsequently greatly improved. 
All the pins produced were still tinned by 
process, by boiling the, pins in a solution 
with grains of metallic tin and aC 
bitartrate of potash" for an hour. 
ingredients are mentioned, but the details 
and Ure are not enumerated in this text. 
hand by the batch 
of "water along 
ertain amount of 
Again the base 
noted by Tomlinson 
In general it is clear that this latter half of the 19th 
century period represents the end of the labour intensive, 
hand manufacturing of pins, with its celebrated division of 
labour. It marks the rising dominance of the manufacture of 
Pins by machine. 
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A final encyclopaedia reference on this period is the 
Encyclopaedia Britannica of 1885 (9th Edition). The entry 
from Dr FP Walkup contains much of the information which is 
repeated in later sources, eg [Longman and Lock 19111. 
It refers to the wound wire, headed pin as being "the old form 
of pin which has become obsolete, only within the memory ýof 
middle-aged persons. " The brief synopsis of the method, ýof 
formation of the WWHP matches closely those already described 
previously. It refers to the invention and patenting ofz, a 
pin making machine as early as 1817 by one Seth Hunt, this 
appears not to have been used commercially. In 1824 a Mr 
Lemuel W Wright (of Massachusetts) secured a patent for the 
making of pins of one piece of metal, and this machine 
improved by Henry Shuttleworth and Daniel Foote Taylor of 
Birmingham between 1838-1843 became the pin making machine of 
today. 
The agreement of many of these later 19th century sources on 
Mr LW Wright inventing the truly automatic pin making 
machine in 1824 leaves little doubt as to the fact that this 
must be treated as the beginning of the demise of the WWHP, 
which seems to be barely present in the last quarter of the 
19th century. 
Description of the "automatic" pin making machine's actions 
are much as described earlier. The pins produced from the 
machine were then boiled in weak beer, so cleaning them. 
They are then tinned by placing in layers, alternating with 
layers of 'grained' tin in a copper pan, which is then filled 
with water and has argol (bitartrate of potash) sprinkled 
a- 0 
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into it and is boiled for a few hours. 
This description of tinning exactly matches the events 
illustrated by Diderot, and comments made by all the writers 
subsequently mentioned concerning this process. Thus it 
would appear that this operation survived the change in pin 
making techniques, and had been virtually unchanged for 
nearly 300 years. Its ancestry, prior to Diderot, can only 
be guessed at, but with traces of tin present on pins as 
early as the 14th century it may well have been a technique 
practised throughout the life of the pin. 
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BLACK COATING ON PINS 
TINANTIMONY HEADS 
Unusual variants mentioned in texts with regard to pin forms 
and finishes. 
The Book of English Trades published by Philips records the 
occasional manufacture of 'black pins', usually designed for 
persons in mourning. The -pins were rendered black ýby a 
varnish of linseed oil with lamp black. The Encyclopaedia 
Britannica of 1885 states that mourning pins (blacked-, pins) 
were made of iron wire finished by immersing in , black japan 
and drying in a stove. 
Pins were sometimes also made with 'double heads' which were 
used by "ladies to fix the buckles of their hair for the 
night without the danger of pricking". 
Other forms of heading have also been noted. In Dr Ure's 
Dictionary "cast heads of an alloy of tin and antimony were 
introduced by patent, but never came into general use. ",, 
0 
TABLE 7: 1 
Historical References and Events Relating to Pins and their 
Manufacture 
17th century Britain a net importer of pins 
1625/6 John Tilsley starts first British pin 
manufactory 
18th century Britain probably a net exporter of pins, an 
emerging industry centred around Gloucester. 
1751-1780 Diderot published accurate pictorial record 
and description of contemporary pin making 
1776 Adam Smith comments on the division of labour 
in the pin industry 
1810-1811 Pin manufacturies still centred on Gloucester, 
but increasingly seen in major British cities. 
1817 Early pin making machine of Seth Hunt 
1820-30s Bristol is an increasingly important centre 
1824 Lemuel W Wright patents first commercially 
successful pin making machine 
1838-1843 Improvements to LW Wright's machine by 
Shuttleworth and Foote-Taylor 
1840s Trade increasingly moves to Birmingham and 
Warrington 
1880 50,000,000 pins estimated to be made daily in 
the UK. Birmingham the predominant production 
centre. 
Chapter 8 
INTERNAL EVIDENCE OF PIN MANUFACTURE 
(i) Metallography 
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METALLOGRAPHY" 
Metallographic examination reveals all or part of the 
'history of the formation' of the object. 4e observance of 
the effects of heat and force in formation and deformation of 
i the metals crystal lattice, enable a picture of the 
methods involved in the manufacture of pins to be built up. 
Metallographic techniques and structures are outlined in 
standard textbooks [Nutting J& Baker RG 19651 (Bailey AR& 
Samuels LE 19711. The conventions and presentations used in 
dealing with large bodies of metallographic data from 
archaeological artifacts eg (Allen I M, Britton D and Coghlan 
HH 19701 were, where practicable, followed. 
METALLOGRAPHY : WHY USED IN THIS PROJECT 
Metallographic examination of the objects was included in the 
series of techniques by which the pins were examined for a 
number of reasons. 
i To ascertain the techniques used in the manufacture of 
pins and wires throughout the period 400-1600 AD, as 
shown by the microstructure of the metal 
To compare the information derived from metallography of 
the object with that obtained visually and from 
historical sources. 
To, where possible, obtain specific 
the likely use, or not, of a 
technique, eg casting. 
information as to 
given metal forming 
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iv Compare the metal forming techniques revealed by 
metallography with the metal used, and the size and 
shape of the produced pin. 
ascertain if ý'certain metals were always fabricated In' tfieýý. Tame 
way aqd if -thC-'YY ývere? 'the rýiOSL erionoinic or., 
metallurgically obvious metfi-O-ds`-tO'U59-I'--Eo lab-ri7cat6- a 
given shape of head etc. 
To answer these questions a series of 31 samples were 
metallographically. All the 450 samples that were 
analysed analytically were prepared for metallographic 
examination, but due to lack of time and facilities only 31 
of these samples were able to be examined metallographically. 
METALLOGRAPHIC SAMPLE PREPARATION AND EXAMINATION 
All samples to be analysed metallographically (and 
analytically) were carefully selected - see Analytical 
Section - to ensure that representative examples of all pin 
types were examined, as well as ensuring a good geographic 
and chronological coverage of the assigned study area 
[England 400-1600 AD]. 
All the institutions or individual owners of pins gave 
permission for the total destruction of their wires or pins 
chosen for analysis. 
The object to be analysed was fully recorded by, drawing and 
photography as well as by written description. Details of 
the object's dimensions, any exterior visual signs of 
manufacture, coatings etc were also recorded, as were all the 
details of date, provenance, and any individual number 
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assigned. These details were entered onto a card which was 
stored in a card index, filed by site. 
Procedure 
The object was usually cut up (by hacksaw, or with a pair of 
pliers) so that each pin would reveal, when mounted in resin 
and polished: 
i) a long section through the head and along the shaft; 
ii) a cross section through the shaft; 
and where possible, 
iii) a long section through the point of the pin. 
This involved cutting the pin into three pieces, putting the 
head and point portions to lie flat on the base of the mould, 
whilst the middle section was mounted end on. This 
invariably necessitated sticking the middle part of the shaft 
onto the base of the mould, using 'Araldite 5-Minute Epoxy'; 
a fast curing epoxy resin which sets hard and quickly, which 
permitted the section of shaft to be held end on in the 
mould. Other adhesives, eg the cellulose nitrate based HMG 
adhesive, were tried but with poor results as the adhesive 
was softer than the surrounding resin, thus leading to it 
holding particles of grit etc, which led to problems and poor 
results during polishing. 
Having put the pieces of pin in the mould, it was then filled 
with a slow setting polyester resin 'Metset Resin SWI. This 
resin took up to 24 hours to harden, but the temperature in 
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the mould "according to the manufacturer" would not rise 
above 60*C. The use of a slow curing, low temperature, cold 
mount resin into which to put the specimens was a, deliberate 
choice, since a cold mounting resin was: 
desirous, in case a hot mounting press would distort the 
metallographic information contained within the 
specimen, though this was only a precaution and not 
tested experimentally; 
ii) economic stringency; 
iii) the presence of a trace of manganese detected in the 
faster setting FT resin. 
A label containing the site or institution, and the small 
find or museum number of the object was always placed in the 
resin. 
After the resin had set the resin disc was removed from the 
mould and polishing/grinding down was begun. It was intended 
to grind away half the pin sitting in the base of the resin 
so that the long sections through the head, shaft and point 
of the pin went through the centre of the shaft, thus giving 
maximum area for analytical work. The disc was ground 
by hand 
on a Metoserv hand grinder on a series of four water flooded 
silicon carbide papers. Grinding was commenced on the 
coarsest, 220 grit, and proceeded through the 320,400 and 
700 grit graded papers (turning the specimen 900 between 
papers). After the final paper the specimen was washed 
thoroughly, then dried. 
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The specimen was then polished to a mirror finish by using a 
Metoserv Twin-wheel Universal Polisher. This used two wheels 
revolving at 300 rpm. The first had a napless Metaserv Nylon 
polishing cloth, with a six micron diamond paste spread on 
it. The second wheel had a Metaserv Metron cloth which has a 
high nap for good definition on softer metal polishing, with 
a one micron diamond paste spread on it. The specimen was 
polished; first onthe six micron wheel, and afterý an 
intermediate washing, on the one micron wheel. White spirit 
was used as a lubricant. This polishing left the specimens 
in the disc with a mirror like surface. 
It was then found necessary to wash the specimens in hot 
soapy water, as the grease which held the diamond paste had 
to be removed from the specimen. The disc was then dried 
with methoýnol, in a heated air stream, to ensure removal of 
the water from the surface and prevent drying stains. 
Examination 
The disc was mounted, after polishing, on a microscope slide, 
with a piece of plasticine, flat mounting being ensured by a 
simple press. 'Iýe&scs were then examined under a microscope. 
The microscope used throughout this project was a Cooke 
Troughton and Simms, 1931 model. It was a general purpose 
microscope, but required the additon of a Universal 
Illuminator for examination of metallographic sections. 
Through a range of four objective lenses (x45, x25, X10 and 
x2) on a turntable, specimens which were viewed through a 
pair of xlO or x6 eyepieces could be viewed at magnifications 
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of x12 up to x450. 
Good visual results could be obtained with this microscope. 
It was necessary to adapt this microscope to take a modern 
35mm camera for photomicrography, which would enable the, 
quick, simple and frequent taking of photomicrographic 
images, required for modern scientific study. 
The camera chosen was an Olympus OM2. There were three 
overriding reasons for this choice. 
The camera can be fitted with a special focussing screen 
fl-12, which enables it to be used for microscopic work. 
This is because it works even with little light present, 
and allows very fine focussing when used in conjunction 
with a Vorimagni lens (an eyepiece which gives fine 
focussing onto the focussing screen). This is essential 
for taking photomicrographs at magnifications of xlOO or 
greater. 
The OM2 measures the light entering the camera aperture. 
it is capable of holding an exposure for several 
minutes, until sufficient light has fallen onto the film 
to make a good image. It does this all automatically. 
It was virtually the only camera available which did 
this, and where the accuracy of the long exposures was 
very high, and quoted by the manufacturer. 
iii) Price. It combined all the functions mentioned in (i) 
and (ii) at a reasonable cost. Alternatives invariably 
included separate light metering systems, and hand 
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timing the exposure, which were expensive and less 
reliable. 
A reversing ring for the attachment to the OM2 was altered by 
the Physics workshops to fit onto the screw threaded Cooke 
Troughton & Simms camera tube, which fitted onto the 
microscope. The Olympus OM2 fitted directly onto the bayonet 
threaded reversing ring. The focussing was done bý means of 
the microscope focussing knob, the image being focussed onto 
the fl-12 focussing screen viewed through the Varimagni lens. 
227 
ETCHING 
After initially viewing the specimen down the microscope in 
the polished condition to note details of general shape, and 
non-metallic inclusions, the specimen-was etched to reveal 
the full pattern of the metallographic structures it 
contained. 
Etching involves the attack of the metal specimen by a 
chemical agent. The chemical attack will initially take 
place on the most weakly attached atoms of the metal. These 
weakly attached atoms are those not fully incorporated into 
the crystalline lattice: thus the areas where the chemical 
attack first occurs are such as grain boundaries, strain 
lines and twinning lines etc where the crystal lattice is 
broken or disturbed. The etchant thus creates cracks or dips 
in the mirror surface where it has attacked the metal, 
appearing as dark lines on the metal surface. 
The copper alloys are invariably etched in commercial and 
teaching laboratories with acidified ferric chloride solution 
(5g FeCL and 10ml conc. hydrochloric acid in 100 ml water) 
or acidified ferric chloride alcohol with only 2ml of 
hydrochloric acid with 5g FeCL in 100ml ethyl alcohol. 
This reagent is swabbed onto the specimen, then washed off 
with water and dried, the process repeated until a good clear 
metallographic structure is visible. Attempts to use either 
of the ferric chloride etchants, even in diluted formi gave 
very poor results. The specimens frequently appeared "dirty" 
and were often over etched. This appeared to be largely due 
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to the large volume of working that many of the specimens had 
undergone; with many strain lines and small grains, ferric 
chloride appeared to give an 'all or nothing' result. 
Attempts were made to use'several other etchoo%ts: 
i) Dilute Nitric acid. 
ii) Dilute acetic acid. I 
iii) Ammonium hydroxide solution. 
All- gave disappointing results. Eventually an etching 
solution of ammonium hydroxide 50cc, water 50cc and hydrogen 
peroxide (30% by volume) 20cc was found to give excellent 
results. 
There were two problems associated with this etchant, 
however. 
i) It has to be made up freshly, every 48 hours. 
This etch*. ft gives off ammonia, and should where 
possible be used in a fume cupboard (where 
it should 
also be stored). 
With these two provisos the etchamt proved most suitable 
for 
revealing the microstructure of all 31 of the specimens 
examined in this project. 
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RESULTS 
The results of the 31 specimens examined are here 'presented, 
together with the object's identification number, provenancef 
brief general description and major element alloy 
composition. This is then followed by the metallographic 
description of the object together with a series of selected 
micrographs, and an interpretation of the object's likely 
method of manufacture, as revealed by the metallography. 
230 
YAT 1979.7 IV (ý A7 4 9\ 
Coppergate, York. Dated from context l0th-llth century. 
Broken shaft, presently 41mm long. Tapers from the broken end 
to the point. Circular cross section. 
Composition: 74.4% copper, 20.5% zinc, 0.6% tin, 4.0% lead. 
METALLOGRAPHY 
Shaft, long section: composed of small equiaxed grains, most 
with strain lines, a few with "twin crystals". There are 
elongated shapes of lead throughout the section, aligned along 
the axis of the shaft. Near the top of the shaft there is a 
black line due to a fold or seam; the shaft is thus probably 
composed of sheet metal folded, or rolled, into a cylinder. 
There are regular globules of copper in this black line 
separating the sides (probably redeposited from corrosion) see 
fig 8: 1. 
Shaft, cross section: again composed of small equiaxed grains, 
with lead seen as globules between the grains of brass. It has 
thick ring shaped cross section which again suggested that it 
was made of a sheet of metal folded into a cylinder or shaft, 
see fig 8: 2. 
Interpretation 
A metal ribbon was folded along its length to form this shaft. 
Rounded by either hammering or drawing, it was subsequently 
annealed, so obscuring the exact nature of the working process. 
The annealing of the worked metal resulted in the small sized 
grains, some with twins. Subsequent light working was 
Fig 8: 1 
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Specimen No.: 6749 
Section: Long section: alo ng shaft 
Magnification: g750 
Micrograph: Seam through the shaft, the folded Sheet 
metal of the pin has equiaxed grains with 
twins, ie in the annealed condition. There 
is a plug of redeposited copper, from 
corrosion, in the seam. 
Fig 8: 2 
Specimen No.: 6749 
Section: Cross section, through shaft. 
Magnification: x (00 
Micrograph: This low magnification picture shows the 
shaft to have been created by the 
folding 
of a piece of sheet metal to form a rod. 
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sufficient to add a few strain lines onto the metallographic 
section, but not to deform the outer grains of the cross 
section. 
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YAT 1981.7 11 (ý 
/1205X 
Coppergate, York. Dated from context 9th-10th century. Pin 
shaft, head missing, 41mm long. ' Oval cross section. 
Composition: 91.5% copper, 7.8% tin, 1.1% lead. 
METALLOGRAPHY 
Shaft, long section: very variable etching zones along the 
shaft; some zones well etched, others poorly, giving a very fine 
layer effect, this was probably due to heavy forging. Within 
that structure occurred a network of small equiaxed crystals 
with twins, indicating the metal. was in the annealed condition. 
Good sized globules and strings of lead, often aligned along 
shaft axis, were also observed. 
Shaft, cross section: again has a layer effect of well etched 
and badly etched areas, in the form of lenses. Areas which etch 
have a network of small crystals (equiaxed) with twins, ie the 
metal is in the annealed. condition. The lead occurs in blobs 
and strings, aligned with the axis of the leaves of differential 
etching, ie lead strings deformed by the forging (see fig 
8: 3) 
Interpretation 
The rough rod or bar used to make this pin might either 
have 
been cut from a piece of metal which had been worked flat, with 
alternate working and annealing or forging; or possibly made 
from a cast bar with coring effect, heavily deformed from one 
side. It was then forged from the four corners in order give a 
roughly circular cross section, and then the metal was annealed 
to give the present equiaxed grain structure. 
Fig 8: 3 
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Specimen No: 12054 
Section: Cross section, through shaft 
Magnification: x570 
Micrograph: The layered regions, with variable etching 
results, due to heavy forging. Elongated 
strings of lead and slag aligned as a 
result of the forging process. 
-1 
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YAT 1978.7 V (10-5-1-1) 
/2 
56 
Coppergate, York. Dated from context 12th-13th century. 
Complete pin shaft, head missing, 96mm long. Traces of a black 
substance to the top of the head, probably for holding a "wound 
wire" or "beret" type head. Two seams run down the shaft. 
Composition: 82.2% copper, 14.8% zinc, 2.0% lead. 
METALLOGRAPHY 
Shaft, long section: extremely small grains of ac brass, very 
broken up by extensive working. The crystals are equiaxed and 
have many twins, ie they are in the annealed condition. There 
particles 
are strings of small slagA stretching along the axis of the 
shaft for some way. The broken up slag particles were probably 
caused by heavy working of the sides of the shaft, the 
subsequent anneal having 'removed the deformed grains. The 
anneal was probably a short, high temperature anneal as the lead 
particles are finely dispersed between the very small grains, 
not having reformed into larger globules; but all the distortion 
of the lead particles has been removed. Trace of a white metal 
(tin ?) coating, on the top of the shaft, see fig 8: 4. 
Shaft, cross section: a rounded rectangular section with very 
small, flattened, twinned metal grains, aligned east-west, as if 
it was a strip cut from a sheet of metal, the grains still 
distorted from being formed into the metal sheet. The strip, 
rectangular in cross section, has been rounded slightly, the 
opposing north and south faces were very deformed. 
Fig 8: 4 
"Or 
jr 
'Aý 'Ar 
Aw- 
7:: V 
et 
0. 
4 
Specimen No.: `J63 
Section: Long section, along shaft 
Magnification: Xý'ýG 
Micrograph: The corrosion aLtacked sur face of an 
unusually thick coat of tin (white layer) 
which is above the very small grained 
structure of the copper alloy base metal. 
This structure is the result of extensive 
working of the metal. 
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Interpretation 
A strip cut from sheet metal formed by working and annealing, 
and the edges rounded by, working. It has, been heavily worked 
with short, high temperature anneals. 
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YAT 1976.7 IV (4633 
/641 TT-) \8 
Coppergate, York. Dated from context 13th-15th centuries. 
Complete shaft, head missing, 44mm long. Shaft circular in 
cross section, possibly shaft of a wound wire headed pin. 
Composition: 77.8% copper, 15.3% zinc, 3.2% tin, 2.0% lead. 
METALLOGRAPHY 
Shaft, long section: grains are elongated along the axis of the 
shaft, and there are strain lines present in great number. The, 
grains are medium sized, but now heavily distorted lenzoids. '', 
The strings of slag are broken into lines of small fragments, 
due to working, all in lines along the axis of the shaft. 
Virtually no signs of twins. The lead particles are in long 
lenses between the grains. 
Shaft, cross section: medium size and small grains which are 
equiaxed are visible, any lead inclusions are of globular form. 
Strain lines are commonly present, and a small amount of 
twinning. There is a very slight crack in one side of cross 
section of shaft, which is otherwise a solid circular shape. 
Interpretation. This appears to be a rod of solid metal which 
has been reduced to a wire by drawing, (solid section drawing) 
-11'his has given rise to a typical drawn section, seen in the long 
section, and identical to fig 8: 7. There may have been some 
annealing between drawing operations hence the twinning, but a 
reasonable percentage reduction on drawing has suppressed and 
distorted the long shaft section view of the twins. 
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YAT 1978.7 11 (11-8 -1-8) 
/3 
3 1ý1\ 
Coppergate, York. Dated from context 12th-14th centuries. 
Length of wire, 110mm. long, with circular cross section. 
Composition: 88.7% copper, 5.8% zinc, 1.5% tin, 2.6% leaý. 
METALLOGRAPHY 
Shaft, long section: small grains distorted by elongation along 
the axis of the shaft. There were many strain lines and some 
twinning visible. There were a large number of strings,, of 
copper oxide inclusions in the microstructure. Iron rich slag 
inclusions also present were also stretched into strings. The 
lead occurred in elongated shapes, all lined up along the shaft 
axis. There was a slight zonal variation in the etching 
quality, probably due to heavy forging. 
Shaft, cross section: small equiaxed grains with twins and 
strain lines etc. Lead, iron slag and copper oxide inclusions 
are all seen as small equiaxed particles, ie strings seen end 
on. 
Interpretation 
A seemingly solid rod of metal which is of poor quality, as it 
contains much slag and many inclusions, has been heavily worked. 
It may possibly have been drawn, but working by hammering might 
be more likely as the grains have not been distorted. to the 
degree normally seen in typical drawn metallographic sections. 
This working was accompanied by intermediate annealing, the rod 
being left in the worked condition. 
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YAT 1981.7 1 (-309-3-6) 
/1234ý\ 
Coppergate, York. Dated from context 9th century. Pin shaft, 
head and point of pin missing. Presently 51mm long. Shaft 
circular in cross section. Possible trace of a seam running 
down shaft. 
Composition: 90.3% copper, 7.9% tin, 1.5% lead. 
METALLOGRAPHY 
Shaft, long section: medium size equiaxed grains with large, 
clear twins, ie pin in the freshly annealed state. No strain 
lines or distortion visible. Few inclusions in the metal, 
mainly lead, and that was in small globules, no alignment 
visible. 
Shaft, cross section: medium sized equiaxed grains with clear 
twins, and a few small globules of lead. 
Interpretation 
A freshly annealed metal shaft, obviously previously worked, 
hence twins: but now left in the annealed state. 
Probably 
formed by working and annealing alternately. 
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YAT 1979.7 11 (= 
/539\7 
Coppergate, York. Dated from context 12th-13th century. 
Complete pin shaft, 73m long, head missing, circular cross 
section, point scratched with lines, possibly from grinding. 
Composition: 90.9% copper, 3.4% zinc, 2.4% tin, 2.2% lead. 
METALLOGRAPHY 
Shaft, long section: a lattice of very small equiaxed grains, 
many with twinning, underly a differential etching layering 
effect. There are also elongated shapes of lead and occasional 
small strings of copper oxide/slag particles running along the 
axis of the shaft. 
Shaft, cross section: again small equiaxed grains with twins, 
and globules of lead with occasional oxide and slag particles. 
Interpretation 
The variable etching and layering effect is due to the heavy 
working, possibly of a remnant, 'coring' effect from casting. 
The lead particles occur in the underetched zones, the etched 
zones between are probably rich in copper. Such elemental 
segregation occurs in a cooling casting with copper rich 
dendritic cores, which have zinc and tin rich alloy and lead 
particles around them. Forging of this structure may have 
retained this elemental segregation, now in a layered form, see 
fig 8: 5. The strings of lead and inclusions show that it was 
then worked at right angles to the shaft axis, most likely 
hammered fr 
I 
om the sides, to reduce its diameter, possibly with 
intermediate annealing. It was then finally annealed to give 
Fig 8: 5 
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Specimen No.: 5397 
Section: Long section, along shaft 
Magnification: x600 
Micrograph: Areas of variable etching ability, due to 
differential chemical composition, probably 
an effect achieved by the subsequent 
working of the segregation seen in a 
casting, or by merely frequent forging and 
folding. The copper rich areas have 
readily etched, the underetched alloy rich 
areas contain most of the slag and lead 
particles. 
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the present equiaxed grain structure. The heavy working having 
caused, together with fast annealing, many small grains. 
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YAT 1977.7 IV (-54-13) /ý877\ 
Coppergate, York. Dated from context 13th-15th centuries. 
Shaft of a needle, broken at the eye, 61mm long with an oval 
cross section. It tapers from eye to point and is badly 
corroded. 
Composition: 82.7% copper, 12.3% zinc, 0.8% tin, 3.7% lead. 
METALLOGRAPHY 
Shaft, long section: large globules of lead, e. longated but 
rounded at the end, lie superimposed on an equiaxed grain 
structure, clearly in the annealed state, with twins present - 
similar to figs 8: 8 and 8: 9. 
Shaft, cross section: most of the inclusions are lead and have 
a globular form. The grains are equiaxed with twins (annealed 
structure). The outline of the cross section was semi-rounded. 
Interpretation 
The metal's original form unknown, it was worked or drawn into a 
shaft, the working having elongated the lead particles. It was 
subsequently annealed at low temperature for a fair time, giving 
the annealed structure and having rounded many of the elongated 
lead particles. The area around the eye has slightly smaller 
grains present and had, therefore, probably beeen originally 
more heavily worked. 
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YAT 1978.7 11 (175-5-6-8ý 
/3 
54 \2 
Coppergate, York. Dated from context 12th century. Complete 
pin shaft, 74mm long, head missing. Shaft cross section 
rectangular to circular. 
Composition: 94.9% copper, 1.8% zinc, 0.8% tin, 1.9% lead. 
METALLOGRAPHY 
Shaft, long section: only a small amount of slag and lead 
particles, fairly evenly dispersed, but with a slight tendency 
to form strings, elongated along the shaft axis. The metal 
matrix is composed of medium sized grains, with a slight 
elongation along the axis of the shaft (on average twice or 
three times as long as they are wide). There are a number of 
twins in the crystals. No strain lines visible. 
Shaft, cross section: there were two cross sections examined,, 
both have a large dip in an otherwise rounded polygonal cross 
section. The dip suggests manufacture from a folded sheet, or 
rectangular section rod. In general the grains are equiaxed, 
and the inclusions are mainly globular in form. 
Interpretation 
A piece of copper sheet or rod bent round, probably by hot 
working as there are deformed grains with no strain lines, to 
form a rounded section shaft. No evidence of subsequent cold 
working activities observed. 
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YAT 1981.7 1ý 
X215\1 I 
Coppergate, York. Dated from context 9th century. Broken 
shaft, head missing, presently 101mm long in two pieces. 
Circular cross section, slightly expanded two-thirds of the way 
down the shaft. 
Composition: 81.9% copper, 15.3% zinc, 2.2% tin. 
METALLOGRAPHY 
Shaft, long section: contains oxide/slag particles about 
of which are elongated along the axis of the shaft. 
half 
An 
extremely broken structure, with small numbers of large grains 
which had many strain lines in evidence. Much of the structure 
was composed of pulverised grains, see fig 8: 6. The size of the 
big crystals, a few with twins, showed that the metal had been 
av-. r%e-k&A before the present cold working. The grains are equiaxed and 
there were traces of a central void or canal running down the 
shaft, which has much redeposited copper in it. The occurrence 
of the large strained grains and small broken structure 
is 
irregular through the shaft, as if there was very irregular 
heating for the final annealing. 
Shaft, cross section: as the long section. Irregular areas of 
large grains with strain lines, and areas of small 
broken 
grains. Inclusions in globular and string forms but without any 
specific orientation. 
Interpretation 
The canals visible in long section show this shaft was created 
by folding sheet metal which, with much annealing and working, 
ii 
YAT 1978.7 11 (ý 
/354\2 
Coppergate, York. Dated from context 12th century. COMP. 0 
pin shaft, 74mm. long, head missing. Shaft cross secb 
rectangular to circular. 
Composition: 94.9% copper, 1.8% zinc, 0.8% tin, 1.9% lead. 
METALLOGRAPHY 
Shaft, long section: only a small amount of slag and W 
particles, fairly evenly dispersed, but with a slight tendenq 
to form strings, elongated along the shaft axis. The metal 
matrix is composed of medium sized grains, with a slight 
elongation along the axis of the shaft (on average twice or 
three times as long as they are wide). There are a number of 
twins in the crystals. No strain lines visible. 
Shaft, cross section: there were two cross sections examined, 
both have a large dip in an otherwise rounded polygonal cross 
section. The dip suggests manufacture from a folded sheet, ý or 
rectangular section rod. In general the grains are equiaxed, 
and the inclusions are mainly globular in form. 
Interpretation 
A piece of copper sheet or rod bent round, probably 
by hot 
working as there are deformed grains with no strain lines, to 
form a rounded section shaft. No evidence of subsequent cold 
working activities observed. 
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YAT 1981.7 1 C3-0-8-6-3) 
A215\1 
Coppergate, York. Dated from context 9th century. Brdv 
shaft, head missing, presently 101mm long in two piev, 
Circular cross section, slightly expanded two-thirds of the vil 
down the shaft. 
Composition: 81.9% copper, 15.3% zinc, 2.2% tin. 
METALLOGRAPHY 
Shaft, long section: contains oxide/slag particles about half 
of which are elongated along the axis of the shaft. An 
extremely broken structure, with small numbers of large grains 
which had many strain lines in evidence. Much of the structure 
was composed of pulverised grains, see fig 8: 6. The size of the 
big crystals, a few with twins, showed that the metal had been 
4v%t%e-W before the present cold working. The grains are equiaxed and 
there were traces of a central void or canal running down the 
shaft, which has much redeposited copper in it. The occurrence 
of the large strained grains and small broken structure is 
irregular through the shaft, as if there was very irregular 
heating for the final annealing. 
Shaft, cross section: as the long section. Irregular areas of 
large grains with strain lines, and areas of small broken 
grains. Inclusions in globular and string forms but without any 
specific orientation. 
Interpretation 
The canals visible in long section show this shaft was created 
by folding sheet metal which, with much annealing and working, 
F Lg 6: 0 
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Specimen: 12151 
Section: Long section, along shaft 
Magnification: )(265 
Micrograph: Large grains with twins and strain lines. 
A structure showing working after 
annealing. 
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formed a cylinder thus obscuring the original joints and folds 
of the metal ribbon. Differential working and heating has given 
the variable structure seen, the final act being cold working, 
as illustrated by strain lines on the large crystals. 
I.. 1+ 1 
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YAT 1978.7 V (ý 
/2581\9 
Coppergate, York. Dated from context 12th-13th century. 
Broken shaft, head missing, 83mm long. Lightly corroded, with 
roughly circular cross section and traces of a seam. 
Composition: 75.5% copper, 18.8% zinc, 3.3% tin, 1.8% lead. 
METALLOGRAPHY 
Shaft, long section: very large 
particles, strung out as strings and 
shaft. The lead particles have beej 
lines. The medium sized grains have 
axis of the shaft, being worked from 
the many strain lines present. 
numbers of oxide/slag 
lenses, aligned along the 
, ýi virtually squeezed into 
been elongated along the 
the sides, as indicated by 
Shaft, cross section: a solid, rounded shape with a clear 
dimple in the outline, may suggest original rounding from a 
thick, rectangular sectioned rod. The slag and lead inclusions 
are only seen in globular form, and the grains are more or less 
equiaxed and have strain lines. 
Interpretation 
The cross section suggests a rectangular cross sectioned 
length 
of shaft bent down its length to form a round cross section rod. 
This was then worked to a wire, almost certainly by drawing, as 
evidenced by the classic long section drawn structure similar 
to that in fig 8: 7. 
'-,,. - 
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YAT 1978.7 11 (l-lT6-77-0) 
/286\9 
1 ------ I 
Coppergate, York. Dated from context l3th-15th centuries. 
Broken pin shaft, head missing, presently 82mm long. oval cross 
section. 
Composition: 90.9% copper, 3.4% zinc, 2.4% tin, 2.2% lead. 
METALLOGRAPHY 
Shaft, long section: there are strings of lead and slag/oxide 
particles, some aligned along the axis of the shaft, as well as, 
other unaligned particles. The grains are very small, and, 
equiaxed, giving a very broken structure, which was probably 
broken by working. Some signs of twinning in the grains. 
Shaft, cross section: the lead and slag inclusions are all of 
equiaxed form. The grains are very small and equiaxed, being a 
broken structure from heavy working, some twins observable. The 
outline of the cross section is of irregular rounded polygonal 
form. 
Interpretation 
The small grains indicate that this metal had been heavily 
worked. The non-circular cross section also suggests this rod 
was worked (hammered) into shape, rather than drawn. The 
elongation of some of the strings along the shaft axis shows 
much working done on the sides. The equiaxed nature of grains 
and unaligned oxide and lead particles shows that the metal was 
finally annealed and left in the annealed state. 
- n. "_n''_ 
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YAT 1976.7 11 (13902) 
A12X 
Coppergate, York. Dated from context 12th century. I, 6ngth of 
wire, 90mm. long, heavily corroded, roughly circular, cross 
section. 
Composition: 94.5% copper, 2.7% zinc, 0.9% tin, 1.7% lead. 
METALLOGRAPHY 
Shaft, long section: a fair number of elongated lead particles, 
with some oxide/slag strings present as well. Many near round, 
grey/blue inclusions of sulphide/oxide particles, often 
associated with lead lenses. The grains are elongated along the 
axis of the shaft and have many strain lines, having been 
heavily worked, and exhibiting a classic drawn structure, see 
fig 8: 7. Near the outer edge of the wire in part of the long 
section there was an area with twinned grains, an 'annealed 
structure, as if further work had been done to this area of the 
wire only. 
Shaft, cross section, no clear cross section was obtained. 
Interpretation 
The metal, whether solid rod or bent sheet, had a rectangular 
section that was rounded. It had been heavily drawn, giving 
elongated grains etc. The top of the shaft had been 
subsequently worked and annealed; posssibly intended to be the 
eye of a needle, the metal being heated prior to punching a hole 
in order to make the eye. 
Fig 8: 7 
Specimen No.: 5124 
Section: Long section, along shaft 0 
Magnification: XS30 
Micrograph: Grains heavily distorted by the working of 
drawing. There are a large number of 
strain lines, and elongated strings of 
lead, all caused by the heavy constriction, 
and working, of the metal consequent upon 
drawing. 
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Coppergate, York. Dated from context 9th-10th century. An awl 
or pricker, 72mm long, point at one end, chisel end at the 
other. A seam runs the length of the object. 
Composition: 83.7% copper, 15.8% zinc. 
METALLOGRAPHY 
Shaft, large section: virtually no inclusions, and no-lead. 
The grains are medium size with twins, ie the metal is in , the 
annealed condition. There are a few strain lines in-the grains 
on the edge of the shaft, but none in the centre. 
Shaft, cross section: a good circular outline, with virtually 
no inclusions but with medium size equiaxed grains with twins. . 
Interpretation 
The metal of unknown original form has been worked into the form 
of the shaft, then well annealed and then slightly worked on the 
outer edges again. 
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Coppergate, York. Dated from context 10th century. Length of 
wire, 33mm long, square cross section. 
Composition: 80.0% copper, 16.9% zinc, 0.5% tin, 2.2% lead. 
METALLOGRAPHY 
Shaft, long section: some lead and a few slag particles dotted 
around the section, some in strings lined up along the axis of, 
the shaft. There is a central void in part of the shaft - 
suggesting that it had been made from folded sheet metal. The 
grain structure is equiaxed, with some twins, but virtually all 
grains scarred with many strain lines. 
Shaft, cross section: inclusions only as globules. The grains, 
with twins and strain lines, are equiaxed. The section is of 
good solid circular form. 
Interpretation 
The large central void suggests that the metal was originally 
rectangular section sheet, folded to form a cylinder. The metal 
has been worked and heated, so that in places it has joined to 
become solid, as seen in the cross section area. The 
circularity of the shape might imply the use of a swage, or of 
light drawing, for the final working. The metal was annealed 
before the final cold working, which was extensive enough to 
give strain lines but not deform crystals. Previous to the 
final working, much of the working had been from the sides (or 
from top and bottom if still sheet) to account for the 
elongation of particles of lead etc. 
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Coppergate, York. Dated from context l0th-llth century. A 
tapering shaft point, 33.5mm long, circular cross section. This 
may be a brooch pin as it has a slight bow. 
Composition: 84.1% copper, 1.8% zinc, 11.3% tin, 1.9% lead. 
METALLOGRAPHY 
Shaft, long section: clear dendritic coring effects even at low 
magnification. There were a large number of oxide/slag 
particles in the matrix, with only slight orientation along the 
axis of the shaft. There is a crack down the centre of the 
shaft. The grain structure is medium sized equiaxed grains with 
twins, ie an annealed structure. It is reasonably broken and 
appears to have been well worked. 
Shaft, cross section: dendritic coring and particles have been 
flattened slightly on the east west axis of an oval sectioned 
shaft and bent into swirls, thus suggesting that it was 
originally a casting of square cross section whose corners have 
been folded up into the present oval section. The grain 
structure is again equiaxed with twins, an annealed structure. 
Interpretation 
A squarish shape of some form was cast, it was then worked being 
flattened slightly, then rounded to form this oval sectioned 
rod. The working was carried out with intermediate annealing. 
The dendritic cast structure is still partly visible. 
YAT 1978.7 V (ý 
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Coppergate, York. Dated from context l3th-16th centuries. 
Broken shaft, head missing, presently 38nun long. Circular cross 
section. Shaft tapers down its length. 
Composition: 81.6% copper, 13.9% zinc, 3.0% lead. 
METALLOGRAPHY 
Shaft, long section: strings of small lead and slag particles 
are lined up along the axis of the shaft. The grains are 
distorted and elongated along the shaft axis, with many strain 
lines in evidence (classic drawn structure, as seen in fig 8: 7). 
Shaft, cross section: the inclusions of lead and slag are 
undistorted and evenly dispersed. The grains are small- ahd 
equiaxed with strain lines present. The outline was distorted 
during cutting from the section. 
Interpretation 
The metal, whether originally solid or folded sheet, has been 
heavily worked from all sides, probably from drawing. The point 
appears to have been formed by grinding as the grains in the 
point area are not distorted, as they would be if worked into a 
point. 
k 
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Coppergate, York. Dated from context l0th-llth century. Pin 
shaft, top heavily corroded, 59mm long, tapering to a point. 
Variable shaped cross section. Spiral incised into shaft, 
three-fifths of the way down its length. Presently three turns, 
originally six?. 
Composition: 78.6% copper, 5.2% zinc, 10.5% tin, 4.5% lead. 
METALLOGRAPHY 
Shaft, long section: both slag and lead particles are fairly 
frequent, some in globular form, others (usually lead). in 
elongated shapes. High lead and slag contents are usually seen 
in cast pieces, but there are no signs of dendrites in this 
case. The grain structure is of medium sized equiaxed grains, 
with some twins, and some strain lines, see fig 8: 8. 
Shaft, cross section: equiaxed grains with twins and some 
strain lines. The lead and slag inclusions are globular. The 
section has an oval outline, with much intergranular corrosion 
on the outer edges. 
Interpretation 
The metal may well have originally been cast, to judge from the 
number of inclusions, into a blank of unknown shape. Later hot, 
or cold, working and subsequent annealing has obscured the 
original structure. The working had probably been largely in 
the form of hammering since the cross section is not circular 
and therefore not likely to have been drawn. The metal has 
finally been 
- 
well annealed, then slightly cold work thus 
Fig 8: 8 
specip'lell No. : 661J 
Section: Long section, along shaft 
Magnification: x US 
Micrograph: Shaft with lead and slag particles 
elongated by earlier working on the shaft, 
with a superimposed equiaxed grain 
structure with twinning as a result of 
annealing the metal. 
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inducing strain lines. 
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Coppergate, York. Dated from context 13th-15th centuries. 
Length of wire, 86mm long, roughly circular cross section. Seam 
running down the length of the wire visible. 
Composition: 78.7% copper, 4.8% zinc,. 5.2% tin, 5.9% lead. 
METALLOGRAPHY 
Shaft, long section: strings of lead and slag running along the 
axis of the shaft, in large numbers (this amount of slag would 
normally be seen in a casting). The grains are elongated along 
the shaft axis and have many strain lines, similar to a classic 
drawn structure, see fig 8: 7. Several grains show twinning. 
Shaft, cross section: all the slag and lead inclusions are 
globular. The grains are equiaxed, with a few twins, everything 
now, however, distorted with strain lines. The outline is an 
"S" shape comprising two cracks in the circular profile. These 
two cracks have matching sides so could be either folded metal, 
as suggested by the distorted inclusions near the crack, now 
sprung apart, or natural cracking in the metal induced from the 
strain of working. 
Interpretation 
The "s" shaped cross section and inclusions suggest this may 
have originally been sheet metal. The numerous inclusions might 
suggest the metal originally cast, folded to form a circular 
cross section rod, then drawn. Annealed and cold worked 
intensively, probably by drawing. This working broke up or 
obscured all earlier metallographic structures. The metal was 
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left in the as drawn state. 
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Coppergate, York. Dated from context 10th century. Length of 
wire, 155mm long, rounded polygonal cross section. Seam running 
down the length of the wire visible. 
Composition: 91.7% copper, 3.2% zinc, 2.9% tin, 1.6% lead. 
METALLOGRAPHY 
Shaft, long section: very little lead or slag, but that which 
is present is in small particles, generally lined up along the, 
axis of the shaft. The top of the shaft has a clear central 
split or void. It has medium sized equiaxed crystals, some with 
twins, many have strain lines, similar to fig 8: 8. 
Shaft, cross section: the few inclusions are all globular. 
The 
grains are equiaxed, some with twins, many with strain 
lines. 
The outline is irregular, and probably hammer worked not 
drawn. 
The grains are not regularly spaced, but in slight 
folds, again 
suggesting that it had been hammered into shape. 
Interpretation 
Metal of unknown original form has been worked (hot or. cold 
worked and annealed) to form this shaft. The final cold working 
after the anneal was only sufficient to induce strain 
lines, not 
deform the grains. 
256 
YAT 1980.7 11 (EýýI) 
/10941\2\ 
Coppergate, York. Dated from context 9th-10th century. Lower 
half of a shaft only. Presently 39mm long, square cross section 
2mm across. Shaft splitting into two. 
Composition: 74.0% copper, 20.3% zinc, 0.8% tin, 4.2% lead. 
METALLOGRAPHY 
Shaft, long section: frequent strings of slag and lead 
particles are aligned along the axis of the shaft. They are 
quite small, and very elongated'. The grains are equiaxed, with 
a few twins, and a number of strain lines observable, see fig 
8: 9. The shaft is clearly divided into two at the top, a clear 
central line between the two halves, this also seen near the 
point. 
Shaft, cross section: square with rounded corners. The grains 
are equiaxed, with any inclusions of globular form. There are 
some twins present and a fair number of strain lines. 
Interpretation 
This square section shaft has been made either from a piece of 
metal strip that has been folded along its length, or from two 
pieces of strip which have been forged together. The two 
pieces, seen apart at the top of the shaft are seen worked 
together in the cross section, though working and annealing has 
removed all trace of the join between them. After the final 
anneal there has been enough cold working to induce strain 
lines, but not distort the grains. 
Fig 8: 9 
IXf, 
0 *us, 
Specimen No.: 10942 
Section: Long section, along shaft 
Magnification: X200 
Micrograph: Shaft with lead and slag particles 
elongated and aligned from working, with an 
equiaxed grain structure (with twins) and 
some strain lines superimposed. 
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Coppergate, York. Dated from context 10th century. Length, of 
wire, 90mm long, rectangular cross section- I 
Composition: 80.6% copper, 10.5% zinc, 5.9% lead. 
P 
METALLOGRAPHY 
Shaft, long section: there are a large number of lead particles 
in this section, they generally have rounded edges, and are 
slightly elongated-along the axis of the shaft, as are some 
strings of slag particles. The etched structure is very broken, 
but with thin twinning bands and distorted twinning bands and 
small equiaxed grains, but no strain lines visible, -possibly a 
hot worked structure. 
Shaft, cross section: the inclusions are globular (mainly 
lead). The grains are equiaxed with some twins, generally a 
broken structure, but with no strain lines, possibly a hot 
worked structure. The outline has two clear dimples in it as if 
the metal had been contorted and folded. 
Interpretation 
A strip of metal probably rectangular in cross section, has been 
worked (probably hot worked) into a semi-rounded form, 
elongating the lead inclusions. It had been annealed, to give 
twins, but subsequently slightly worked whilst hot so twins 
distorted, but crystals not deformed and no strain lines 
present, and the lead particles gradually becoming less 
elongated. 
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Coppergate, York. Dated from context llth-15th centuries. 
Complete 'beret' headed pin 51mm long. Head made of a dome of 
metal, stuck on the top of a wire ? shaft. Head 3mm in 
diameter. 
Composition: 92.9% copper, 3.2% tin, 2.1% lead. 
METALLOGRAPHY 
Shaft, long section: some lead but mainly slag in small 
particles in long strings, lined up along the axis of the wire. 
The grains are elongated along the length of the shaft, with 
many strain lines, a classic drawn structure, similar to fig 
8: 7. 
Shaft, cross section: the inclusions are blob-like, the grains 
are heavily strain lined and equiaxed. outline is very regular 
and circular. 
Interpretation 
A length of metal has been severely drawn into a good circular 
cross section wire, presently left in the Cold worked condition, 
its present strained structure obscures any earlier history. 
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Coppergate, York. Dated from context 10th centuKy. Complete 
pin shaft, head missing, 40mm long. Heavily corroded, point 
created by four sloping facets. Possible casting -f lash 
observed. 
Composition: 80.7% copper, 14.8% zinc, 3.8% lead. 
METALLOGRAPHY 
Shaft, long section: a reasonable number of inclusions, mainly 
lead, generally rounded and slightly elongated along the length 
of the shaft. The matrix has a fairly broken grain structure, 
grains being equiaxed, with a few strain lines, and some twins. 
Shaft, cross section: the inclusions (mainly lead) are of 
globular form, some near the edge are more elongated. 
The 
grains are equiaxed, with twinning bands, and a few strain 
lines 
common, giving a general broken structure. The outline 
is 
irregular, and suggestive of a partially rounded, section, 
probably originally from a rectangular or square sectioned 
shaft. 
Interpretation 
The irregular outline, small 
mainly along the shaft sides. 
the observed twinning, and 
inclusions. A light later wo 
not sufficiently worked 
significantly. 
grains, suggests heavy working, 
The metal has been annealed hence 
slight rounding of the lead 
rking has induced strain lines, but 
to deform the grain shapes 
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Coppergate, York. Dated from context l2th-13th century. 
Broken shaft, presently 32mm long. Top of shaft and the tip of 
the point are broken. This may possibly be a brooch pin as the 
shaft is bowed. 
Composition: 73.9% copper, 17.3% zinc, 4.3% tin, 2.9% lead. 
METALLOGRAPHY 
Shaft, long section: there is a white metal coating observable 
in the corrosion products, probably tin, which is seen in the 
analysis. In the metal body there are spheroidal inclusions of 
lead and slag. Equiaxed grains of medium size with some twins 
and a large number of strain lines are observed. 
Shaft cross, section: a good circular outline, see fig 8: 10. 
There are, a large number of lead inclusions, all slightly 
elongated, east to west across the section, which suggests that 
the metal was, originally worked flat. The grain structure 
is 
again medium sized, roughly equiaxed grains, with some twins and 
many strain lines present. Some of the grains are slightlY 
elongated in the direction of working, like the lead particles. 
Interpretation 
This metal was worked, probably as a rectangular sectioned rod, 
making the lead globules into lenses running east to west. When 
the shaft was rounded into the final form the lead lenses were 
slightly curved. The metal was annealed as the grains are in 
the recrystaliiseA equiaxed forms with twins. Some cold working 
took place later giving rise to strain lines. 
Fig 8: 10 
)0()/ Spec i mcii No .: 
t 
Section: Cross section, through the shaft 
Magnification: X60 
Micrograph: Good circular shaped shaft, with the thin 
tin coating embedded in the corrosion 
products, or the outside of the shaft. The 
lead and slag particles - globular - 
slightly elongated and distributed 
east-west, showing the direction of working 
prior to annealing. 
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Coppergate, York. Dated from context 10th century. A short 
rod, 29mm long, circular cross section, 2-3md in diameter, one 
half partially flattened. Possible casting flashes observed. 
Composition: 76.8% copper, 10.6% zinc, 2.3% tin, 10.0% lead. 
METALLOGRAPHY 
Shaft, long section: a large number of lead particles, all 
elongated along the axis of the shaft; and with a crack in the 
centre of shaft where it flattens out. The grains are roughly 
equiaxed, a few slightly elongated along the axis of the shaft, 
a fair number of strain lines visible and some twins, see Fig 
8: 11. 
Shaft, cross section: all the lead inclusions are variously 
shaped and all oriented randomly. The grains are equiaxed, with 
twins and strain lines visible. Slight signs of deformed grains 
near the edges of the cross sections in one or two places. 
There is a trace of a white metal coating around this cross 
section. 
Interpretation 
The small grains and fine dispersion of lead particles 
indicated 
much working has been done on this shaft. The random 
orientation of the slightly elongated lead particles 
indicates 
that this was done evenly from the sides. The strains induced 
in the metal as a result of the extensive working may account 
for the crack observed in the shaft. Alloys with high lead 
content are brittle and prone to cracking in this manner. The 
Fig 8: 11 
.1 
10 
Specimen No. : 8ý09 
Section: Long section, along the rod or wire 
Magnification: x 1ý0 
Micrograph: The large number of dark, lead (and some 
slag) particles are aligned vertically 
along the axis of the rod/wire. This 
indicates working (probably hammering) at 
right angles to rod/wire axis. The 
superimposed network of small metal grains, 
many twinned, also suggests working with intermediate annealing likely. 
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metal was annealed after working hence the twinning and mainly 
globular form of the lead. There has subsequently been a little 
working of the metal, hence the strain lines; and probably a 
coating of tin suggested by the white metal trace in the 
corrosion products. 
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Coppergate, York. Dated from context 10th-12th centuries. 
Broken pin shaft or point, 41mmIlong, , circular cross section. 
Shaft expanded near the point, and is facetted slightly at the 
point. This may possibly be a brooch pin as it is slightly 
bowed. 
Composition: 81.5% copper, 10.3% tin, 7.5% lead. 
METALLOGRAPHY 
Shaft, long section: large number of lead inclusions, many 
rounded, but generally slightly elongated along the axis of the 
shaft. There are traces of cracking and small holes in the 
centre of the shaft, particularly where it is thickest, these 
are probably cavities from shrinkage of the casting. Slight 
dendritic shading is visible. Superimposed on this is a, grain 
structure of equiaxed grains, with twins, an annealed structure. 
Shaft, cross section: large number of lead inclusions, more 
numerous in the centre than the outer areas, generally rounded 
and slightly elongated east to west across the shaft suggesting 
forging/working on the top and bottom of the shaft. 
Again 
superimposed on this is an annealed, , equiaxed grain 
structure 
with twins, and virtually no strain lines. - 
Interpretation 
The metal is obviously cast (large lead content and remnant 
dendritic shading) but has since been worked and annealed 
(elongated lead, and twins). It has been left in the annealed 
condition (equiaxed grains with twins), but a few strain lines 
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indicate slight use or working afterwards. 
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Coppergate, York. Dated from context 9th/lOth century. Broken 
pin, most of the head missing. originally a spiral headed pin, 
54mm long, with an irregular cross section. Ten incised rings 
at the top of the shaft. Dislocation in rings, and possible 
filed off flash mark suggest pin made by casting in a two piece 
mould. 
Composition: 86.3% copper, 10.1% tin, 2.6% lead. 
METALLOGRAPHY 
Shaft, long section: there are lead and slag inclusions 
scattered through the matrix, only slightly lined up along the 
axis of the shaft. (Enough slag to have been a casting). There 
is clear dendritic shading. At the top of the shaft there 
is a 
clear crack running down the centre, see fig 8: 12. Superimposed 
on this was a network of very small grains, with twins, 
ie in 
the annealed condition. 
Shaft, cross section: again a fair number of equiaxed 
inclusions, many being slag. There was no pattern 
of 
orientation. There was clear dendritic shading throughout 
the 
cross section. In one corner the dendrites were lined up, as 
if 
in their 'as cast' position. There was a crack or cavity 
in the 
centre of the shaft (probably cracking on shrinkage) and a very 
small equiaxed grain structure with twins was superimposed on 
this. 
Fig 8: 12 
Specimen No.: 11367 
Section: Long section, along shaft 
Magnification: XSS 
Micrograph: After light etching, a clear series of 
branched dendritic patterns were revealed, 
thus indicating that the metal was 
originally cast into shape. A subsequent 
history of working is suggested by the 
broken nature of the dendrites and a 
lattice of small twinned equiaxed grains 
revealed at higher magnification 
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Interpretation 
The metal apears to have been cast into shape (including the 
decoration which shows no signs of deformation or working). As 
the dendrites are reasonably complete subsequent working was 
minimal, comprised principally of annealing, thus giving a fine 
grain structure on top of the dendritic coring effect. 
Shrinkage of the casting metal may have lead to the cracks. 
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Coppergate, York. Dated from context 10th-12th century. Solid 
ball shaped pinhead, with top half of shaft only. There is a 
collar below the head. Head 7mm diameter sphere. Pin 16mm 
long in total. Signs of a seam running down the shaft. 
Composition: 82.5% copper, 15.4% zinc, 0.8% tin, 1.0% lead. 
METALLOGRAPHY 
Shaft, long section: very few inclusions at all, very clean 
metal. The head outline has numerous holes and flaws in it, 
often appearing like folds near both edges. Since there are no 
signs of dendrites or slag inclusions to suggest this metal was 
made by casting, the most likely explanation is that this shaft 
was made by very heavily forging or working a piece of metal 
ribbon. There is a small line at the end of the shaft (from 
folding around metal sheet or ribbon to form a shaft). There is 
a fresh equiaxed grain structure with twins, ie the metal has 
been left in the annealed condition. 
Shaft, cross section: slightly distorted from cutting the cross 
section, but presents a generally irregular outline, again 
equiaxed grains with twins present throughout. 
Interpretation 
The irregular outline of the head suggests a folded metal 
genesis and together with the central line in the shaft suggests 
that the pin was made by working and annealing/forging sheet 
metal into the form of a pin (no dendrites, lead etc to suggest 
casting). It was left largely in the annealed condition - 
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equiaxed grains and twins. 
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Coppergate, York. Dated from context 9th century. Loop 'of 
wire, 78mm long, oval cross section. Seam running down wire' 
visible. 
Composition: 86.7% copper, 8.6% zinc, 3.6% tin, 0.6% lead. 
METALLOGRAPHY 
Shaft, long section: many extremely small equiaxed crystals, 
only visible at high magnification (x450). Most have twins, and 
there are just a few strain lines visible. There are a fair 
amount of strings of slag and oxide particles, all lined up 
along the long axis of the wire. 
Shaft, cross section, again extremely small equiaxed crystals 
with twinning, and a very few strain lines. The inclusions were 
of globular form, and though strings of particles in the same 
area, were often aligned along similar axis, . there was no 
preferred general orientation. The general cross section shape 
was very irregular (approximately oval). 
Interpretation 
The small crystals with twinning are a result of very 
heavy 
working and annealing. The strings in the long section show 
much of the work having been done at right angles to the axis of 
the shaft. The irregular swirls of strings and shape of the 
cross section suggest an irregular working from the side, 
perhaps folding, hammering and deforming of sheet or square 
section rod, to form approximate round shape cross section. The 
dip or cup marks in cross section outline are where corners 
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being curved around on hammering do not quite meet, thus forming 
a gap or seam running down the shaft. Subsequent to the final 
annealing there was a light amount of working giving rise to the 
observed strain lines. 
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Coppergate, York. Dated f rom context 10th century. Long 
length of wire, 750mm long. Thin wire, circular cross section 
0.6mm -diameter. Striations along the length of the wire 
surface. 
Composition: 89.2% copper, 5.8% zinc, 3.4% tin. 
METALLOGRAPHY 
Shaft, long section, differential etching in leaf shape zone or 
lines down the shaft, aligned with the axis of the shaft. This 
phenomena is usually associated with heavy working. 
Superimposed on this was seen a network of small crystals 
slightly elongated along the axis of the shaft. Everywhere 
there were small particles of slag, both finely dispersed 
throughout the matrix and in long strings. Some strings of lead 
were noted between the grains. 
Shaft, cross section, could not be obtained. 
Interpretation 
A very impure slag rich metal blank, possibly 
been heavily worked to form a wire. The worki 
all directions to disperse the slag particles, 
took place (probably periodic anneals in the 
final shaping into the wire giving the 
distortions of the grains. 
a casting, has 
ng occurred from 
then an anneal 
working) before 
present slight 
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The metallographic structures that have been revealed by this 
examination give very varied accounts of the methods used to 
form pins, wires and shafts in York during the period 
8th-16th century. 
In order to try and draw general patterns about the use of 
metal, its method of fabrication, composition and date, Table 
8: 1 has been prepared showing the alloy composition, of every 
sample examined. metallographically, together with 'the 
significant metallographic details (if any) noted for that 
sample. 
Then the variously noted methods of fabrication used in the 
manufacture of the wires and shafts are discussed, together 
with any relevant correlations with date or composition. 
Table 8: 1 
Finds 
Number 
Cu 
Zn 
Sn 
Pb 
Drawn 
Casting 
Dendrites 
Slag 
Zoned 
Hot 
Worked 
Sheet 
Square 
Rod 
The occurrence of metallographic 
features with composition 
648 1877 2529 2563 2589 2636 2728 
77.8 82.7 81.6 82.2 75.5 78.7 92.9 
15.3 12.3 13.9 14.8 18.8 4.8 - 
3.2 0.8 - - 3.3 5.2 3.2 
2.0 3.7 3.0 2.0 1.8 5.9 2.1 
* 
00 
-OR 
Table 8: 1 (Cont) 
Finds 2689 3311 3542 3887 4419 5124 5397 
Number 
Cu 90.90 88.7 94.9 80.7 89.2 94.5 94.3 
Zn 3.4 5.8 1.8 14.8 5.8 2.7 3.2 
Sn 2.4 1.5 0.8 - 3.4 0.9 1.3 
Pb 2.2 2.6 1.9 3.8 - 1.7 0.7 
Drawn 
Casting 
Dendrites 
Slag 
Zoned 0 0 0 
Hot 
Worked 
Sheet 
Square 0 0 
Rod 
Table 8: 1 (Cont) 
Finds 5667 6107 6139 6543 6615 6749 8002 
Number 
Cu 73.9 81.5 82.5 84.1 78.6 74.4 80.6 
Zn 17.3 - 15.4 1.8 5.2 20.5 10.5 
Sn 4.3 10.3 0.8 11.3 10.5 0.6 - 
Pb 2.9 7.5 1.0 1.9 4.5 4.0 5.9 
Drawn 
Casting 0 0 
Dendrites 
Slag 
Zoned 
Hot 
Worked 
Sheet 
Square 0 
Rod 
Table 8: 1 (Cont) 
Finds 8509 8872 10135 10942 11367 12054 12151 
Number 
Cu 76.8 80.0 92.7 74.0 86.3 91.5 81.9 
Zn 10.6 16.9 3.2 20.3 - - 15.3 
Sn 2.3 0.5 2.9 0.8 10.1 6.8 2.2 
Pb 10.0 2.2 1.6 4.2 2.5 1.1 - 
Drawn 
Casting 0 
Dendrites 
Slag 
Zoned 0 
Sheet + 
Square 
Rod 
9 
Table 8: 1 (Cont) 
Finds 12329 12346 12366 
Number 
Cu 83.7 90.3 86.7 
Zn 15.8 - 8.6 
Sn - 7.9 3.6 
Pb 1.5 - 
Drawn 
Casting 
Dendrites 
Slag 
Zoned 
Sheet 
Square 0 
Rod 
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CAST 
Definite evidence of the original metal having been cast was 
indicated by the presence of dendritic shading in 
metallographic structure. 
No. 6107 6543 11367 
Date (Century) 10-12 10-11 9-10- 
With only three examples it is impossible to expand greatly 
about the occurrence of the use of casting as a technique for 
the manufacture of pins and shafts. The three examples here 
are, however, all in the Anglo-Scandinavian period, clearly 
indicating the significant use of this technique at this 
date, though it is not used later. 
The analytical compositions of these three objects, see Table 
8: 1, are all very similar, being high tin bronzes with so- 
12-7. tin 
Of a total of four high tin bronzes in the exampled samples, 
three of them have certainly been manufactured principally by 
casting. The other one has a metallographic structure which 
might -occur upon the further working of a dendritic 
structure. It would, therefore, appear likely that casting 
was the principal method of making high tin bronzes into 
shafts, or alternatively high tin bronze was the' alloy 
invariably chosen to manufacture a pin or shaft by casting. 
SLAG 
There were seven samples where large quantities of slag were 
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noticed in the sample. These samples occurred at no 
particular date or period. Although they all have iron 
content of more than 0.7% (2636 had 3.8%) they do not 
correlate as the samples having the highest iron content. 
Many other samples with high iron content did not have 
notable quantities of slag. It is, ' however, noticeable that 
the alloys which do contain slag are quaternary alloys, or 
tin bronzes. No alloy containing slag has more than 6% zinc, 
the high zinc content probably suppressing slag formation, 
due to the deoxidising effect of zinc. Thus the brass 
reaching the metal markets was quite clean. 
ZONES 
There were four samples which had a very variable zoning 
effect upon etching. 
No. 3311 4419 5397 12054 
Date (Century) 12-14 10 12-13- 9-10 
This effect is presumably due to elemental variation 
in the 
metal, possibly due to heavy forging or folding of 
the metal, 
as frequently noted in piled structures, common in 
forged 
iron. Another possibility is the forging of a 
casting, 
tx'%Sý It%03 
layering the ffilemental separation of the dendritic elemental 
variations. All four examples are again quaternary alloysýor 
tin bronzes, alloys normally associated with cast or heavy 
working during manufacture. Three of the zoned structured 
examples have high slag content, again likely to an 
ea-rk'ter cast history. 
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DRAWN 
Six samples examined were seen to possess the classic drawn 
metallographic section seen in fig 8: 7, with greatly 
elongated grains and many strain lines. 
No. 648 2589 5124 2529 2636 2728 
Date (Century) 13-15 12-13 12 13-16 13-16 * 12-15 
It can be seen that all these examples come from 12th century 
or later contexts, thus the fully developed wire drawing 
technique, giving rise to the classic interleaved grain 
structure, appears to have developed in the High Medieval 
period, and is not seen in the Anglo-Scandinavian period. 
Reference to Table 8: 1, where notable metallographic features 
are denoted against composition, shows that a wide variety of 
metal alloy compositions were drawn from tin bronze 
2728, 
through quaternary alloys 2636, leaded- brasses 2529, 
(----, 7.1 e., =k 
\\f\; s clearly shows that the metal used in drawing was not 
important to the wire drawer who appears at this 
date to have 
been prepared to draw virtually any copper alloyr provided 
that it was malleable enough to draw (not too much 
lead or 
tin in it). 
Two examples, 3542 and 8002, have distorted twins, 
deformed 
grains but no strain lines; possibly resulting 
from hot 
working of the metal. No significant association of 
Composition or date is noted for these examples. 
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These are shafts which show signs -of having been made by 
folding sheet along its length, then rounding the section of 
the resulting wire. These shafts invariably haveý-a central 
cavity, or central split where the edges of the original 
sheet metal joined. - 
No. 6139 6749 10135 10942 12151 8872 
Date (Century) 10-12 10-11 10 9/10 9 10 
only one of these examples, 6749, showed the classic folded 
metal cross section that is seen in the High Medieval period, 
as a major method of wire manufacture - see External Evidence 
chapter 4. All these examples are 9-12th centuries, 
demonstrating the early genesis for this technique, almost 
certainly an extension of the rounded square section- rod 
technique. 
All but one of these examples are made of brass with more 
th an 15% zinc. This remarkable consistency of composition 
(excepting 10135) like the casting, suggests a deliberate 
control of alloy composition, in this case of sheet metal, 
which is - subsequently made into pins. it is likely this 
represents control of sheet metal composition generally, with 
manufacture into shafts and pins being a later unplanned 
occurrence. It may be presumed that -the ductility Of the 
brass was the reason it was used to make sheet, then cut into 
strips to make wires, shafts etc. The exception, 10135, was 
similarly a ductile metal as it was more than 92% copper. 
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REGYANGULAI" SECTION ROD 
A shaft or rod-that frequently appears to have originally 
been square or, rectangular in cross section has its corners 
flattened or smoothed, and made into a circular or oval 
shaped cross sectioned rod. This is invariably accomplished 
by hammering (forging) the rod into shape. The deformation 
is usually seen in cross section by the deformed lines of 
lead and slag particles, or by the folds in the exterior 
surface of the shaft, where the metal has been stretched or 
compressed into its circular shape. 
No. . 12366 -8002 3887 3542 2589. - 2563 
Date (Century) 9 10 --10 12 12-13 12-13, 
It is interesting to note that two separate periods are 
represented by this type of technique, the- 9-10th century 
date, and the 12-13th century, ie early in the 
Anglo-Scandanavian period and then early in the High Medieval 
period. With only a small number of samples available it is 
felt little emphasis should yet be placed on this 
distribution, although the occurrence of this technique 
in 
periods when York was less affluent, perhaps when metal reuse 
was at a premium due to the low level of material culture, 
is 
interesting. 
The alloy composition of these samples is again slightly 
r'estricted, with all but one, 3542, being brass. All but one 
example have low levels of zinc, less than 15% zinc, but 
tolerate variable levels of lead and tin. The metal forming 
technique clearly places few restrictions on the alloy which 
can be used to make a shaft by this method, and it is likely 
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this alloy composition represents the metal available for 
general use during this period. 
WORKED AND ANNEALED 
Nearly all the objects examined showed evidence of twinning 
caused by the working of the object, followed by a subsequent 
anneal. Frequently the twinned structure was crossed by 
further strain lines, evidence of subsequent working. It is 
obvious that the metal workers of the period were well used 
to working copper alloys, and in many cases this working and 
annealing of the metal has obscured all metallographic traces 
of the initial method of object formation. It is clear that 
in many cases much work went into the formation of the final 
form of a pin, wire or shaft. 
Chapter 8 
INTERNAL EVIDENCE OF PIN MANUFACTURE 
(ii) Scanning Electron Microscopy 
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SCANNING ELECTRON MICROSCOPY 
The fine focussing of a beam of electrons in a vacuum onto a 
target, the subsequent scanning of the beam across the target, 
and the measuring of the resultant secondary emission, builds 
up a point by point picture of the target's surface. This is 
a highly magnified picture of the target, with-the smaller the 
wavelength of the electron beam the higher the resolution of 
the instrument. 
There are, in addition to the secondary electron emissions, 
X-ray emissions caused by the electron beam impinging on the 
target. These X-ray emissions, can be, measured in a- similar 
manner to the X-ray fluorescence described in Chapter 10,. thus 
giving an indication of the elemental composition of the 
target. 
More precise details about Scanning Electron microscopy and 
microanalysis are available elsewhere [Hawkes pW 19721 
[Bertin E 19781. During the last decade it has become 
increasingly common to use the Scanning Electron Microscope 
for investigating problems with small physical. areas. 
This 
has been particularly true with regard to archaeological 
material (Tite M 1977.1. 
The small areas available for investigation in pin heads 
led 
to the use of the SEM and microanalysis facilities to answer 
problems delineated in earlier investigation into the nature 
and composition of pin heads. 
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REASONS FOR THE USE OF THE 
SCANNING ELECTRONIC MICROSCOPE 
There were, consequent upon the initial analytical tests by 
X-ray fluorescence and metallographic investigation, a series 
of questions about the pins, and in particular the wound wire 
headed pins, which required much more detailed analytical 
investigation. 
Initial examination had found that many of the wound wire 
headed pins were made of a wire wrapped around the top of the 
shaft, sometimes crimped into place ('C' type), sometimes 
stuck into place with as yet an unidentified and undescribed 
black vitreous looking material ('A' type): and sometimes a 
partially crimped, partially stuck (1B' type) head. This 
lead 
to a series of questions about these pin heads: 
i Of what metal were the head wires made? 
ii Was the head wire metal the same as the shaft? 
iii was there any variation in the composition of 
the metal 
of the shaft, possibly resultant from the 
differential 
heating or treatment of diffeient parts of 
the sh*aft? 
I 
iv What was the 'black vitreous' material used 
to attach the 
head wire in the 'A' type shafts? 
v Was the same material analytically determinable in the 
'B' type heads? 
vi was there any difference in composition in the 'black 
vitreous' material between different ' A' type headed 
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pins? 
vii Was it possible to analyse the silvery metal coating 
which occurred on some of the pins, and confirm the 
belief that it was tin, and if so determine its purity? 
Initial investigation had also shown another pin head type 
which had a separate piece of metal forming the head, which 
was again attached by an unknown 'black vitreo us' looking 
substance - the 'beret' type of pin head. 
viii was the metal of, the head the same, as that of the shaft? 
ix What was the 'black vitreous' material which affixed the 
head onto the shaft? 
x Was this substance the same as was used to attach the 
head wires in the 'A' or 'B' type wound wire heads. 1. 
EQUIPMENT 
This analytical investigation was undertaken using a scanning 
electron microscope with EDAX microanalysis attachment, 
located in the Textile Department of Bradford University. it 
comprised: 
A Cambridge Scientific Instruments stereoscan S4-10 
with a Link systems energy dispersive microanalysis 
detector assembly, coupled to a 290 Link computer 
based multi channel analyser system. 
This system permitted the visual observation of the specimen, 
with a resolution down to 10nm, although normally 
magnification was in the range x20 - x50,000. It provided an 
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analytical capacity capable of analysing a spot >100nm in 
diameter, for all elements with atomic numbers greater than 
sodium. Thus analysis was quantitative only, but automatic 
with all elements with Z> 11 being detected and automatically 
labelled as present. 
A further refinement of the analytical capacity invoked the 
use of a 'no standards' quantitative analysis program, run on 
a 32K NOVA II computer. This utilised the raw data collected 
from the Link detector system, and through the "no standards" 
program produced a full quantitative analysis 
for the area 
under analysis. This reported analysis sometimes 
included 
oxygen as certain elements, eg phosphorus and silicon are most 
commonly found in oxide form. The computer, therefore, 
always 
assumed them to be present in oxide 
form. This was an 
unfortunate 'in-built' part of the program. 
Oxygen could not 
be detected by the system and the chemical state of every 
element was unknown. 
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THE SAMPLES 
The samples had all been prepared as metallographic sections - 
see Metallography - being embedded in a polyester resin and 
polished to a mirror finish. 
All the samples analysed were from the Moulsham Steet site in 
Chelmsford, and had already been analysed by X-ray 
fluorescence analysis. They were selected purely in order to 
answer the questions posed in the previous section. 
TABLE 8: 2 
Pin Date Pin Types 
Number 
F16: 38 1600 onwards 'B' type wound wire headed pin 
L2: 1061 1710 onwards 'B' type wound wire headed pin 
F737: 685 1560-1590 Two 'A' type wound wire heads on 
the pin with trace of t inning on 
the head 
F47: 136 1550-1600 'A' type wound wire headed pin 
L10: 1233 1710 onwards Beret type headed pin 
Each pin was examined under the SEM, a number of analyses were 
made on each pin. The results are here presented for each 
pin, and then considered collectively to answer the ques 
tions 
posed in the previous section. 
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PIN F16: 38 
Analyses 
Shaft i Head Wire ý Shaft ilio 
cu 74.3 73.0 -74.3 
zn 24.4 25.6 24.4 
Sn - - 
; '. Pb - - - 
7, Ni 0.4 0.1 0.4 
Fe 0.3 0.3 0.3 
Inner Black Inner Black Outer Black Outer Black 
Material i Material ii Material i material ii 
'/Al 0.98 0.60 
Ysi 4.20 2.72 - - 
7, P 0.52 1.24 19.97 18.47 
JAg 0.82 0.45 - - 
; (Sn 72.20 61.77 - - 
XCU 10.54 17.15 . 22.04 
23.88 
YZn 1.72 4.42 0.75 1.59 
ZPb 0.03 3.81 1.85 3.62 
70 6.74 6.18 41.27 38.17 
'/'S 2.25 1.67 1.12 1.62 
7cl - - 3.60 2.53 
YK 1.01 0.92 
'/Ca 7.08 6.93 
'/, Hg 
1.32 2.27 
T-WI-Se " rcS'Lilts were co, -apared,, to those obtained by XRF 294 
284 
The metal analyses reveal that analysing the shaft in two 
separate places gives identical results, thus suggesting -that 
both: 
11 1 
i The analytical composition of the shaft does not vary 
The analytical techniques is in that it analyses 
the same material to have exactly the same composition on 
two separate analyses. 
The head wire composition me? ac-s- slightly different to the 
shaft, note particularly the variation in the nickel 
percentage. 
The head wire composition was not very 
markedly different from the shaft wire, and was similar to 
other shaft wire analyses from this site. Thus, though a 
separate wire m&%iz-, used for the head, it does not appear to 
have a special or unusual composition, and the variation in 
composition represents the normal compositional variation within 
this date, -sete C%,. &ýtvr 11; 
The initial two analyses of the black material have picked up 
tin, probably a tin rich phase within the black substance. 
The oxygen content should be largely ignored since, as stated 
previously, certain elements were assumed by the computer to 
be in the oxide form. 
The tin rich phase did not usually appear to be a metal (not 
particularly conductive in the electron beam) and thus might 
well be more likely -h occvx as an oxide or other inorganic 
non-metallic form. The presence of a quantity of tin, 60-70%, 
is a significant part of this phase, but the presence in small 
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quantities of many elements - silicon, aluminium, silver, 
sulphur lead etc., - suggests a complex series of additives or 
ingredients with no obvious known substance having this sort 
of composition. In visual appearance this area is pitted and 
irregular. 
The second two analyses are of a slightly smoother looking 
phase in the black material which affixes the head. As 
previously explained, the oxygen content is spurious. Clearly 
this phase is a mixture of copper and phosphorus, probably as 
copper phosphate, though again with a large number of elements 
present in small concentration, eg chlorine, calcium, 
potassium and mercury!! This is again a complex substance 
with no obvious known substance having this sort 
of- 
composition. 
In general, upon microscopic examination this 
head was found 
to be attached to the shaft by the "black material", 
but its 
head wire had been distorted to a spherical 
form, thus it was 
a IBI type head - fig 8: 13. 
FIGURE 8: 13 Pin F16: 38 
Magnif ication: x 20 
Cross section through the head of a 'B' type 
wound wire headed pin 
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PIN L2: 1061 
ANALYSES 
Shaft Head Wire Head Wire Head Wire 
/. Cu 75.11 74.7 74.92 74.82 
Y. Zn 22.38 24.03 23.49 23.81 
7Sn - - 0.30 0.08 
ypb 0.07 - 
; lNi - 
; /, Fe - 
Xp 0.49 - 0.21 0.32 
; Isi 1.96 1.27 . 1.08 0.97 
This pin was upon microscopic examination found to have a head 
wire attached by the 'black material', but its head wire had 
been formed to make a, spherical head, a IB'type wound wire 
headed pin. Beyond the quantitative analyses shown above, a 
series of spots on the pin head were analysed qualitatively - 
see Figs 8: 14 and 8: 15, these showed: 
Areas of differential composition in the 'black 
material', particularly areas rich in phosphorus, calcium 
and silicon, were noted. Areas rich in copper and zinc 
were noted within the usual matrix. 
A couple of layers of differing composition were seen 
specifically'beside the shaft; with a silicon and copper 
rich inner layer, possibly a corrosion product or a 
flux; 
the outer layer rich in phosphorus with some copper and 
calcium, and typical of the smoother phase found in the 
black matrix. 
The analyses of the head wire occurred in the positions 
indicated in Fig 18: 15. It shows the head wire to have a 
relatively uniform composition with regard to the major 
FIGURE 8: 14 Pin L2: 1061 
magnification: x20 
Cross section through the head of a 'B' type 
wound wire headed pin 
FIGURE 8: 15 Pin L2: 1061 
Outline drawing 
composition of, the 
position indicated 
of the pin, with the 
various phases and their 
Calcium, Copper,, 
Phosphorus and 
Zinc 
Brass 
Copper and 
Zinc 
Silicon with significant 
Brass quantities of Zinc, Copper 
and Calcium 
Silicon and Copper 
with traces of 
Calcium and Phosphorus 
Phosphorus, Copper and 
Calcium with traces of, 
Silicon 
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elements. Its variation with regard to the, minor elements, eg 
tin or-phosphorus, is likely to have come from the deposition 
of some 'head affixing material' onto the metal surface, or 
some similar method of contamination, probably during 
polishing. As seen in the previous pin, there is a slight 
difference in composition of the pin shaft and the head wire. 
separate wires, 
of typical composition for the site and period. 
The presence of nearly 2% sil-te. onin the analysis of the shaft 
is probably related to the occurrence of slag in the 
composition of the metal. Using the high magnifications 
available on the Scanning Electron Microscope an attempt was 
made to find the particles of slag, and if. possible 
identify 
the phase constituents. of that slag. The shaft 
had, however, 
been extensively worked, probably by wire drawing. 
This has 
broken up any large particles of *slag, leaving only 
small 
particles which were difficult to locate in the metal 
matrixf 
and which we were not able to analyse with any 
degree of 
confidence. 
PIN F737: 685 
ANALYSIS 
Shaft (i) Shaft (ii) Shaft (iii) 
7cu 65.02 65.02 65.43 
; /Zn 32.05 32.50 32.36 
J. Sn - - 0.75 
; /Pb - - 1.17 
/Ni 0.45 0.45 - 
IFe 1.87 1.87 0.29 
7. S 0.16 0.16 - 
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Head Wire Head Wire Head Wire 
(iv) (v) (vi) 
YCU 75.03 75.14 74.38 
YZn 24.26 25.26 24.62 
7Sn 0.22 0.21 0.58 
7Pb 0.07 - 0.10 
ZNi - - - 
7Fe 0.41 0.40 0.33 
I/S - - - 
Head Wire Head Wire Head Wire Head Wire 
(vii) (viii) (ix) (x) 
XCU 73.66 74.20 74.75 75.0 
V Zn 25.35 24.74 23.89 24.15 
VSn 0.12 0.56 0.62 - 
Y. Pb 0.15 0.35 0.35 0.16 
'/ Ni - - -- 7 Fe 0.71 0.15 0.39 0.70 
7S - - -- 
Matrix Type A(i) Matrix Type A(ii) 
P 24.10 23.71 
7S 1.26 - 
7C1 3.88 3.66 
7. K 0.87 1.41 
'/ Ca 9.80 9.66 
Z CU 26.38 30.63 
7 Zn - 0.22 %Hg 0.03 - 
ý Pb 0.06 0.07 
IAO 33.63 30.62 
Matrix Type B Matrix Type B Matrix Type B 
(i) (ii) (iii) 
7Si 4.65 6.15 4.49 
ZSn 67.77 58.70 36.46 
7'Cu 2.82 9.73 19.14 
YZn 1.16 2.38 4.20 
7Pb 0.05 0.19 0.07 
70 23.56 22.84 26.61 
1P 9.03 
The an alysis of the shaft in which the same area was analysed 
twice, shaft (i) and shaft (ii), as well as a second area, 
shaft (iii), had a fairly uniform c omposition for the major 
elemen ts. The variation of nickel content between the two 
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areas of the shaft is revealing, since nickel is not known to 
preferentially partition into any metallic or inorganic phase, 
and with its high solubility in copper should be evenly 
distributed throughout the matrix. Thus the presence -or 
absence of nickel at 0.45% level in the analyses is probably 
slightly illusory. This is probably because it is near the 
minimum detectable limit and the nickel is present at only 
slightly lower levels in the area of the shaft of analysis (i) 
and (ii), compared to area (iii). This inaccuracy in 
analysing the metal composition may also account for the 
variations in content at low levels of other elements, eg tin 
or lead. 
The level of variation we know to occur in the analysis of 
the 
shaft which is of a single metal composition, will account 
for 
the slight variations in the head wires which can 
thus be 
assumed to be both composed of the same metal. The 
difference 
in the major element constituents between the 
head wire and 
the shaft means that they are different though similar 
metal 
alloys. Both these analyses fit well with the alloys 
of other 
pins and wires of this date and provenance. 
Within the matrix used to attach the head wires to 
the shaft 
two separate phases have emerged: 
A smooth solid phase, Matrix Type A. This 
is found 
alongside the shaft, and in patches throughout matrix B, 
often close to the metal substrate. It appears to 
contain copper and phosphorus, probably as copper 
phosphate or phosphide. (The Oxygen content is illusory 
as it is determined from preset oxide ratios. ) Small 
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quantities of calcium and chlorine are also detected in 
this phase. Its proximity to the metal may suggest a 
corrosion product or coating, although such a corrosion 
or coating would be uncommon and is not observed 
elsewhere on this pin, save on the head. 
A more irregular phase, Matrix Type B. This appears to 
be the bulk of the material attaching the head wire to 
the shaft, often beyond the zones of matrix A, which are 
close to the shaft. Th. e first two analyses show this 
phase to consist largely of tin, probably in the oxide 
form, but with distinct presences of silicon, copper and 
zinc. It is possible that this part of the matrix is 
largely composed of tin oxide, but comparative tests of 
impure tin, and tin oxide, would have to be done to test 
if it could act as an adhesive between pieces of copper 
alloy metal in this way. 
The third of the matrix B analyses contains phosphorus. 
and a larger than usual percentage of copper for a matrix 
B analysis. It appears to be a typical composite 
analysis of areas of Matrix A and B. 
FIGURE 8: 16 Pin F737: 685 
Magnif ication: x20 
Cross section of a double headed pin of 
type wound wire headed pin 
II 
FIGURE 8: 17 Pin F737: 685 
outline drawing of the pin, with the location 
of area of Matrix Types A and B marked, plus 
other notable occurrences. 
e 
Area photograph in 
Figure 8: 18 
Q 
Phosphorus with 
Brass 'chip' 
Copper and Calcium 
and traces of Potassium 
Brass 
Brass 
Tin with traces of 
Tin with a trace Potassium, Copper 
of Copper and Lead 
Area photograph in Figs 8: 19 
Copper and Phosphorus with 
and 8: 20 
traces of Calcium, Chlorine 
and Potassium 
Copper, Phosphorus and Tin 
with traces of Chlorine 
and Zinc 
FIGURE 8: 18 Pin F737: 685 
Magni f icat 41 ori: x TBý 
Detail of the material used to attach the head 
wire. 
)v t 
*A 
41 
1*0 
FIGURE 8: 19 Pin F737: 685 
Magnificatic-i. -, x-765 
Further detail of the 'black material' - note 
its porous structure 
: :-. 
tbt; 
11lIIP. 
: 
- -. -S I 
All 
4k 
47 411 
FIGURE 8: 20 Pin F737: 685 
Magnification: x3100 
Close up detail of the 'black material'. 
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PIN F47: 136 
ANALYSES 
Shaft Head Wire Head Wire 
Xcu 79.26 77.43 78.49 
Y. Zn 20.61 22.51 21.24 
/-Sn - 0.06 0.08 /Pb 0.13 - 0.19 
Head Matrix Head Matrix 
(a) (b) 
; /Si 3.06 4.18 
/. p 0.95 1.22 
YSn 50.40 73.40 
Xcu 35.33 17.36 
; /Zn 10.15 3.52 
Y. Pb 0.10 0.32 
The analysis of the shaft is similar to the others in this 
study and again it is different in major alloy composition to 
the head wire. 
Fig 18: 22 indicates the results of several qualitative 
analyses carried out on the head attachment matrix, and the 
corrosion products on the shaft. Again the matrix used 
for 
attaching the head wire to the shaft was found to be composed 
mainly of tin (oxide? ) although with minor zonal variations 
in 
the exact composition, as shown in the qualitative analyses. 
The occurtence of copper and small quantities of silicon and 
zinc in the matrix is fairly consistent. 
The qualitative analysis revealed the phosphorus rich phase, 
previously noted in the head area of other specimens, as 
occurring well down the shaft of this Pin beyond a zone of 
redeposited copper. 
FIGURE 8: 21 Pin F47: 136 
Magnif ication: x2Q 
Cross section of an 'A' type wound wire headed 
pin 
FIGURE 8: 22 Pin F47: 136 
outline drawing of the pin, with the location 
of the qualitative assessments of the areas of 
the head matrix, together with the position of 
the analysis. 
Tin with traces of Copper and Silicon 
al coating 
)sited Copper 
Brass 
Tin with t 
of Copper 
Lead 
Copper, Phosphorus, Iron, 
Calcium, -Sulphur, Potassium, 
and Silicon detected 
292 
PIN L10: 1233 
ANALYSES 
Shaft Head Wire Shaft 
zcu 88.14 78.51 85.82 
; /, Zn 11.21 16.50 12.07 
*/Sn - 1.64 - 
YPb 0.03 0.18 0.33 
Ysi - 2.41 1.79 7. p 0.62 0.76 - 
The shaft composition of this 'beret' headed pin, analysed in 
two places with similar results, is different in its metal 
composition from the other pin shafts analysed having a much 
lower zinc content, <15%, which is observed in pins of the 
pre-1600 period rather than pins and wires of this date. The 
composition of the disc of head metal is clearly different 
from that of the shaft, not only in the higher zinc content 
but with the significant presence of tin. 
The matrix which adheres the head onto the shaft was analysed 
qualitatively with several different phases being 
identified 
see fig 18: 24. 
The phosphorus and copper rich phase with traces of calcium 
and chlorine in, was again found on the side of the shaft, 
suggesting it as a coating or corrosion product. The majority 
of the matrix attaching the head disc to the shaft was 
composed of tin (oxide) with small quantities Of sulphur, 
chlorine, copper and lead, similar to matrices for head 
attachment noted elsewhere. A slight difference in the 
occurrence of sulphur rather than silicon as occurred in the 
other examples may be noted. 
FIGURE 8: 23 Pin L10: 1233 
Magni f ication: x 20 
Cross section of a 'Beret' headed pin 
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A SUMMARY OF THE RESULTS OBTAINED 
FROM THE SCANNING ELECTRON MICROSCOPE (SEM) 
The use of the SEM both to observe and analyse the wound wire 
and 'beret' type pin heads revealed a complex situation. it 
answered many of the simple original questions asked of this 
analysis; but raised a large number of new problems. 
Initially it was desired to check the analytical results 
obtained from the SEM for accuracy and comparability with the 
existing XRF resulýs. The comparison of the two technique's 
analyses for the' shafts of the five pins is shown in table 
8: 3. 
This shows that out of the four sets for which there are 
comparable analyses for the major elements, for three of 
the 
four cases the agreement is very good. There is no good 
reason to explain the variation in the analytical result of 
sample 685. The variation in analysis of the lead content of 
the samples was traced back to a fault in the computer 
program which derived the quantitative result. The program 
took several months to correct and there was no 
later 
opportunity to reanalyse the pins in this study. 
This means 
that all the quantitative lead analyses should 
be treated as 
incorrect, as it is clear that over 4% lead can 
go 
undetected. This i naccuracy in the lead determination 
is, as 
far as is known, unique to that element and no other element 
is known to be incorrectly analysed: but without suitable 
standard to check the calibration it is sensible to use a 
degree of caution when using the quantitative results 
0 '\O$Q. 
FIGURE 8: 24 Pin L10: 1233 
Outline drawing of the pin, with the location 
of the various phases together with their 
compositions. 
Sulphur 
with tr 
Copper, 
and Tin 
Tin witl 
and trac 
and sulF 
Sulphur and 
Lorine with 
: races of 
Lead and 
Copper 
-. races of 
I Lead 
Phosphorus, Calcium, 
Chlorine and Copper 
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obtained from the SEM. 
Given this cautionary note, it was still possible to answer 
many of the questions which initiated this study. 
TABLE 8: 3 
COMPARISON OF ANALYTICAL RESULTS 
Sample Cu Zn Sn Pb 
F16: 38 SEM 74.3 24.4 - - 
XRF 73.2 25.5 - 0.7 
L2: 1061 SEM 75.11 22.38 - 0.07 
XRF 75.4 19.2 - 4.8 
F737: 685 SEM 65.02 32.5 - - 
XRF 76.3 18.6 - 4.3 
F47: 136 SEM. 79.26 20.61 - 0.13 
XRF Not analysed 
L10: 1233 SEM. 88.14 11.21 0.03 
XRF 87.6 11.7 - 
i The head wires were made of brass 
The composition of this brass was similar to the brass 
used in the manufacture of the wire shafts, but was 
never the same composition as that used in the shaft. 
They were made of separate wires, with separate 
composition, but of similar type and no doubt similar 
properties. 
Little variation in composition was noted within any one 
shaft. This was particularly evident with major 
elements. Slight variations were noted with nickel and 
lead contents. This was usually because of the slight 
variations in the element's distribution within the 
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metal matrix, which were detected when only small areas 
were analysed. This problem has been noted reviously 
ttýq. . 50%, ký"'N Quack: 
ýý 
with SEM studies with regard to* 
Xlead 
(Northover P 
personal comment]. The variations appeared random, and 
not related to any specific variation in location. it 
isýlikely that the recorded concentrations of these 
elements is near their minimum detectable levels, thus 
slight variations in these elements will result in their 
detection or non-detection, and is consequently 
exaggerated as present or absent. 
iv The black vitreous material used to attach the wound 
wire heads appears to consist of two phases of different 
chemical composition. 
(a) A visually smooth phase, principally composed of 
copper and phosphorus, the phosphorus probably 
being in oxidised, phosphate form, and the copper 
possibly being in the form of t'he salt, copper 
phosphate. Traces of other elements, eg chlorine, 
calcium, were also invariably present. This phase 
was found in discrete particles throughout, phase 
,, and often as, a 
layer against the copper alloy 
shaft (though not around the head wire). 
it is 
possible that it represents a corrosion, product, 
but its presence so frequently within the sealed 
head matrix argues against this. 
It is more likely to have, been a coating, or flux, 
applied to the pin's shaft at some preheading 
stage, invariably left only on the head. In sample 
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F47: 136, where it was found on the shaft, corrosion 
has gone on (de-zincification) under this coating. 
(b) A visually vesicular phase, principally composed of 
tin. It appears not to be in the metallic form, 
and is therefore likely to be aA inorganic salt or 
oxide form. There were quantities of copper and 
traces of zinc and silicon invariably also found in 
this phase. This material seems to form the bulk 
of the matrix which attached the head wire to the 
shaft. 1, 
v The IBI type wound wire headed pins were found on 
examination to be attached to the shaft in the 'A' type 
manner. The distortion of the head wire of the 'B' type 
pin heads appears to be due to corrosion, filing or 
hammering of the head wire, for a reason unconnected 
with the method of attachment of the head wire to the 
shaft. 
vi No difference could be discerned between 
the 
compositions of the 'black vitreous material' used 
for 
attaching the head wire to the shaft in any of the 
four 
wound wire headed pins examined. The variations 
in 
composition within a pin's head matrix were often 
greater than between pins. 
vii No area of 'white metal' coating on these 
samples submitted to SEM examination, and so its 
composition could not be determined 
viii The metal of the head of the 'beret' headed pin was 
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different to the metal of the shaft. Both alloys are 
fairly common for wrought metal material of the llth ý- 
15th century period. The head metal being of comparable 
composition to sheet metal from the Shambles in York 
[Caple 19861 whilst the shaft wire is comparable in 
composition to wires from the shafts of wound wire 
headed pins of this earlier period, eg Sandal Castle 
(Caple 19831. 
ix The head was attached to the shaft by a black vitreous 
matrix which, under magnification, was found to be 
vesicular in appearance, with a number of visual zones. 
There were slight changes in compositon between these 
zones, but the matrix was principally composed of tin, 
probably in an oxide or salt form, as it was 
non-metallic, with quantities of sulphur and chlorine 
present, with traces of copper and lead present. 
x The material used for attaching the head of the 'beret' 
headed pin to its shaft was very similar to the phase 
'6! 
material found attaching the heads of the wound wire 
headed pins to their shafts. There were rAjý\Or &ke*\avL- - 
observed in that the 'beret' head substance 
had sulphur and larger quantities of chlorine compared 
with the wound wire headed pins' substance, which had 
silicon and larger quantities of copper instead. 
If, by head typology or the analysis of the metal of the pin, 
one assumes the 'beret' pin to be an earlier manufacture than 
the wound wire headed pin, which on balance is highly likely, 
bmsea of% W%; #0%M&k ako., it would appear thatAthe black vitreous substance which is 
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used to attach heads to pins changed with time from the form 
seen in the 'beret' headed pin to that seen in the wound wire 
headed pin. 
This series of analyses, though answering these direct 
questions, failed to show exactly what the substance was that 
was used to attach heads (beret or wound wire) to the shafts. 
This work did characterise and define this substadce, but as 
it was not recognisable by any contacted authority it would 
require experimentation of various possible fluxes and glues 
to see: 
Whether the effect of attaching head wires to shafts in 
this manner could be repeated. 
Whether the experimental work could be made to mimic the 
observed specimens under SEM examination,. 
It was felt that this avenue of enquiry was too large to be 
adequately pursued in this project. The question of ancient 
fluxes, glues and coatings is a large one; Theophilu5 
for 
instance gives many recipes for glues, fluxes, coatings etc, 
with undoubtedly many others going unrecorded, save by their 
existence in/on objects. There being insufficient resources 
within this project to tackle such a subject it was not 
pursued any further. 
Chapter 9 
REASONS FOR, AND THE HISTORY OF, 
METAL ANALYSIS 
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To clearly understand of what the pins and wires of the 
period 400-1600 AD were made a large programme of analyses 
had been planned for this thesis. As a prelude to this a 
consideration of previous work done on the analysis of copper 
and its alloys was undertaken. It was hoped this would 
establish: 
How best to interpret the analyses obtained in this 
study, in order that the mistakes and fruitless or 
pointless exercises engaged in by previous authors and 
analysts were not repeated in this study. 
What elements could be most easily and usefully analysed 
for in order to make the most efficient use of the 
facilities and time available. 
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COPPER ALLOY ANALYSIS 
HISTORY 
PREHISTORIC COPPER ALLOY ANALYSIS 
Analysis of copper artifacts were initially done out of 
curiosity by 19th century analysts, principally to find out 
what sort of alloys the ancients were using. 
The more modern programmes 
had their genesis with the 
and Metallurgy Committee 
Institute, who published f: 
and collective findings 
Anthropological Institutes 
of metal analysis, in this country 
activities of the Ancient Mining 
of the Royal Anthropological 
rom 1948 to 1955 their individual 
in the Journal of the Royal 
MAN. 
These various investigations, together with similar - work 
in 
Europe, had begun to show: 
Sometimes -deliberate control of an, alloy's composition 
because of the conferring of some desired metallurgical 
property on the finished article; 
The complex and v! arious nature of the composition of 
many of the metal artifacts. 
This spawned a mu 
late 1950s - on a 
artifacts. These 
clearly enigmatic 
which little else 
alloy objects. 
ch more extensive series of analyses in the 
specific group of copper and copper alloy 
researches were carried out on the most 
group of copper/copper alloy objects about 
was known ie the prehistoric copper/copper 
301 
These resulted in several large studies both in Europe (Otto 
H& Witter 19521 and in this country (Coughlan HH and Case. H 
19571 and (Brown MA& Blin-Stoyle AE 19591. 
Most of these early analyses appear to have been done by 
optical Emission Spectroscopy, eg Brown & Blin-Stoyle. The 
accuracy of this technique has recently come under scrutiny 
[M J Hughes 19791. 
The reasons for the analyses of objects was stated simply in 
Case & Coughlan 1957: 
"Show that early coppers contain trace elements. varying 
proportions of trace elements may support two kinds of 
deduction; first, as to the techniques used by early man, 
and second, as to the introduction of copper metallurgy 
and to the question of-local manufacture and of contact 
with other regions. " 
In fulfilling their first aim they demonstrated the probable 
deliberate exploitation of arsenic as a hardening element 
for 
coppers - preceding the introduction of tin bronzes - 
thus 
elucidating some of the techniques used by early man. 
The 
second aim depended on, and presumed, the ability 
to 
recognise or fingerprint a metal from a given area. This 
presumably depended on the possibility of producing a 
regionally distinct metal: 
Due to chemical difference caused by a deliberate 
addition or control of an addition. This would 
presumably be of an alloying element, eg Arsenic or 
Lead. 
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Unintentional chemical difference caused by some 
unintentioned additions of distinctive elements (or, 
element) in distinctive concentrations on a regional 
basis. This may occur from the smelting of an unusual 
ore perhaps. Indeed, the uncertainty that the smelting 
of an ore could produce 
.a 
metal ofý distinct composition 
was voiced briefly by Coughlan & Case 1959 quoting Prof 
FC Thomson. However, the regionally distinctive 
character of their own and Otto & Witter 1952's analysis 
persuaded Case and Coughlan that ore differences, 
together with the differences in subsequent ore 
treatment, eg roasting of the ore, smeltin4 conditions 
etc, were sufficient to produce a regionally distinct 
copper alloy. 
Using copper plus ten other 'elements, three different groups 
were defined on the basis of elemental concentrations (two 
chemically, the third a remainder grouping). 
In Brown & Blin-Stoyle 1959 again chemical grouping was 
achieved - seen initially in lead - as a deliberate alloy 
addition. Minor trace elements were noticed to affect 
the 
same division - which corresponded well with a change 
in 
artifact forms - and a subsequent sub-grouping was affected 
largely by physical form alone. 
Work by Junghans, SQngmeister & Schroder [junghans 
Sangmeister & Schroder 1960 and 19681p starting in the late 
1950s and continuing through the 1960s, continued this 
tradition of prehistoric metal analysis, largely by Optical 
Emission Spectroscopy, to its logical conclusion by analysing 
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many thousands of copper alloy artifacts, and then dividing 
them into groups purely on a compositional basis classing 
like with like. 
In 1960 Junghans, Sqngmeister & Schroder published 2500 
analyses of prehistoric copper alloys. This vast volume of 
data was divided into rigid divisions on the basis of 
elemental composition. Using these divisions a large number 
of groups of roughly similar composition were established. 
These groups varied, some ranging widely in geographic and 
chronological space, whilst others came from restricted 
geographical and or chronological zones. There was sometimes 
good, sometimes poor, agreement with existing chemical 
groupings, eg Case & Coughlan 1959. Disquiet with this 
method of grouping by rigid chemical division began to be 
expressed in 1964 by Van der Waals and Butler [Butler JJ& 
Van der Waals JD 19641 who, with Waterbolk, in 1965 
(Waterbolk HT& Butler JJ 19651 published a revised method 
of analysing small groups of Junghans et al data which gave 
revised divisions on the basis of elemental composition, 
which was much closer to the existing cultural and 
chronological and geographical archaeological record. 
This revised method continued to be used in Paleahistoria 
in 
1966 by HJ Case (Case HJ 19661 and JJ Butler and JD Van 
der Waals (Butler JJ& Van der Waals JD 19661. 
In 1968 a further series of analyses were issued 
by Junghans et al [Junghans, Sangmei ster & Schroder 1968], 
which they again divided into rigid divisions on the basis of 
elemental composition. 
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These analyses were again dealt with in smaller groups by 
other authors, eg Coles JM (Coles JM 1969]. - Lksing 
the method devised by Wa'terbalk, 
kýN'ýIre-examined 
the - Scottish A 
Junghans et al 1968, ,. J^ 
better cultural, geographic and chronological ties (with 
existing object interpretation) than the groupings advanced 
by Junghans et al 1968. Coles casts around looking for 
likely production areas for his metal types, citing chemical 
group seen in Ireland (Coughlan & Case) or groups -identified 
as European by Junghans et al 1968. Given his rejection of 
their groups for the Scottish material one finds his 
suggestions of source metal areas - from other Stuttgart 
groups - surprising. 
Criticism (constructive) of the grouping system of Junghans 
et al was finally synthesised simply for the archaeological 
audience (who were after all to be the main users and 
receivers of the information) in Tylecote 1970 (Tylecote 
RF 
19701 where a strict statistical separation of analytical 
data (of the prehistoric copper alloys) by univariate 
[Klein, 
in Waterbalk HT& Butler JJ 19651 or multivariate (Hodson 
F 
R 19691 statistics is gently chided as irrelevant 
in the face 
of archaeological considerations and the success 
in making 
archaeological sense of these analytical compositions 
by 
Waterbalk and Butler and Coles etc. 
"e 4 C. QrtO; A 
Though further criticism of the/\chemical elements, namely 
bismuth, in separating the groups of Junghans et al was 
voiced by Slater & Charles (Slater E& Charles JA 19701 
(together with subsequent discussion by both parties in 
Antiquity 1973) the main reaction by the British 
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archaeological community to the extensive work of Junghans et 
al has been to ignore it. There has been a plea by Barbara 
Ottoway 1984 at British Museum seminar on Statistical Methods 
Applied to Trace Element Data in Archaeology, for 
archaeologists/scientists to utilise the vast bank of data 
provided by Junghans et al: her own use of their data 
[Ottoway B 19741 where results of several analytical programs 
were subjected to a battery of statistical evaluation 
techniques, until they finally gave a grouping that had , some 
resemblance to the pre-existing archaeological record, 
presumably showing the way. 
The only large British programme of prehistoric copper alloy 
analysis which has carried on into the 1970s is the work of 
Peter Northover analysing both Early Welsh Axes (Northover 
1970] and late Bronze Age hoard metalwork (Northover 19821. 
In both these studies again varying concentrations of 
elements are used to subdivide the copper alloy objects - 
almost invariably into their pre-existing cultural/form 
determined groups - again their. similarity to groups 
established by Junghans 1968 et al - is used to determine 
the 
origin or area of production of a metal object. 
In 1957 Pittioni (Pittioni 19571 had believed he could relate 
ores to metals, claiming average chemical compositions for an 
ore body could be obtained, thereby chemically defining it. 
If an object did not have that chemical definition (usually a 
series of trace elements) then it did not come from that 
Source. This, together with the empirical observation of 
Coughlan & Case 1957, ttc Junghans et al 1968, Athat certain 
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groups of trace elements occurred in the copper alloys- of 
restricted cultural or geographical areas, , and so were 
presumed to have come from the -exploitation of 'a single 
copper ore deposit, formed the bulk of the proof that copper 
alloys could be identified with the source of manufacture 
as a result of the use of a specific copper ore. <ýikks point 
(ii) of Coughlan & Case 1957, was due to copper ore trace 
element variations. 
During the 1970s the thesis that one could chemically define 
a unique fingerprint for copper ore and relate it to an 
unknown metal was again tested. Not just on a small number 
of samples as done by Pittioni 1957 and The Royal 
Anthropological Institute but with sufficient examples to 
make the results statistically significant eg (Friedman et al 
19661, [Bowman et al 19751 and [Rapp G 19801. These first 
two papers have measured the elemental percentage of many 
elements from a metal sample derived from an ore, grouped 
these with regard to the ore type (i) native metalo', Cii) 
crude ores, (iii) sulphide' ores, then analysed an unknown and 
tried to determine just which type of ore it came from with 
90% success for groups (i) and (iii) and 75% success forgroup 
(ii) (Bowman et al 1975). This might look impressive 
but it 
is only an attempt to put an unknown into the three most 
significant or most chemically characteristically distinct 
groups for copper ore known. The fact that-one -in ten of 
samples cannot even be accurately placed in, the, right type of 
ore, the chances of putting it in the right type of ore field 
or area must be considerably lessl Friedman 1966 attempted 
to put unknown archaeological objects into these three basic 
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groups but showed that only 12 out of 20 were given a group 
with more than 80% probability. Indeed probably 
approximately four out of 20 of the unknowns was not assigned 
to the right group. 
Given that we now know how distinct an ore type is, the 
question of how distinct an area of ore, or particular ore 
body, is now raised. This question has not yet been 
satisfactorily answered. 
Analyses of pure native copper metal, from Kingston Mine and 
Isle Royal mines - of the same ore body could be 
distinguished from other native copper metals from North 
America (Rapp 1980)_ ()ther instances of analyses of., 
copper ores collected from the same mine, or same area, have 
however, shown výirizitions to*o lar-E! for this type 0f 
ntilication. 
The range of variations in ore-composition is to some extent 
illustrated -by Biek [Biek L 19571 and Coughlan 
[Coughlan, - H 
19631. It is unfortunate that these analyses reflect 'only' 
the ore compositions and not the metal derived 
from a 
primitive smelt of that ore, and that the contribution 
by 
Coughl. an does not give the raw compositional analyses, 
he 
having already accepted Pittioni's thesis of generalised 
impurity patterns characterising ore bodies. It 
is left to 
Tylecote (Tylecote RF 19701 to point out in reference to 
British copper ore analysis that "They show, however, very 
wide variations in minor element pattern, and it is possible 
to find an ore that will match to a reasonable degree any 
sufficiently well analysed artifact found in Britain". 
It, would appear that the underlying assumption that a 
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chemical- fingerprint can be found for an ore, -and used, to 
identify product made from that ore, is not yet proved. it 
is fairly apparent that there is, after the work of Friedman 
1966 etc, only going to be a probability of identifying an 
artifact's source, though as yet we do not know how large or 
small that probability will be. 
It is obvious that the 'distinctiveness' of the--chemical 
f ingerprint is going to determine how high- the probability 
will be, that'is, the more' unusual the trace and minor 
elements in an object, the higher the probability that it 
will have a unique source. At present there are many 
thousands of prehistoric copper alloy analyses, with many 
authors seeking to justify the observed chemical differences 
purely in terms of the exploitation of different ores. 
At 
the present there are woefully few analyses of ores, and 
this 
has tempted some writers - Coles 1969 - to attribute metal 
to 
regional and continental origins which are yet unproved. 
rýore recent writers, eg Northover 1982, iA-t -4A 
the object 
form to suggest regional or continental affinities 
for an 
defined metal of which the object was made. 
The lack of 
copper , ore . analyses 
is a sentiment further echoed 
in Briggs 
[Briggs Cs 19781 who also pointed out the large number 
of 
possible small sources for copper rich minerals which 
could 
have been utilised in antiquity, none of which 
have been 
represented in ore analysis studies. 
Regardless of any question of their attribution to variable 
ore sources, the distinction of chemically distinct groups of 
copper alloy analysis remains valid in that they still have 
to be accounted for. I 
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What, however, are we -trying to distinguish , with , these 
analyses. which are, in their thousands, for usually >lo 
elements. 
The questions posed by Case & Coughlan "as to the techniques 
used by early man" is largely answered by information found 
at individual sites, eg smelting site 13 at Kitzbuhel, Tyrol 
[Pittioni 19581 and Timna, Israel [Tylecote RF 19751, and by 
determining the main elements of composition which could, be 
deliberately controlled (eg Craddock PT ii 19791, on Arsenic 
in Iberian bronzes. No information of a technical nature is 
revealed by analysing the trace and minor elements unless we 
know a great deal about the smelting, melting and casting 
conditions, raw material, extraneous products etc. it is 
only recent work by Merkel [Merkel 19831 on analysing the 
total chemical and energy exchanges during production that 
is 
answering the questions on technology. 
Thus the analysis of copper alloys is based largely upon 
the 
concept of determining groups of similar or dated elemental 
compositions. The explanation of the factors causing 
the 
grouping has been most successful when related to factors of 
compositional control due to: 
i Degree of technical advancement. 
ii Desired properties in the resultant metal. 
Factors related to a common origin in object form, 
cultural association or date terms. 
The aspect of grouping which has been less successful is the 
attribution of a factor of ore body origin. This has been 
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shown to be a question of statistical confidence, and thus 
should be expressed as a percentage chance, due to: 
i The lack of ore body analyses. 
The failure of existing works to express (or even work 
out) the level of confidence in their ore body 
attribution. 
Little confidence can be attached to this aspect of elemental 
grouping explanation. 
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COPPER ALLOY ANALYSIS 
ELEMENTAL CONSIDERATIONS 
Consideration of which elements to analysp for, based upon 
the experience of previous analytical programmes. This in 
order to: 
i mio%imise the'effort to obtain information in -the, area 
. where 
it is, going'to most readily -produce the -sort-of 
information required which, 'in this case (with,, reference 
to the title) is the Technology of Manufacture; 
ii produce information which is comparable with the 
information which has already been produced in order to 
allow useful comparison of data. 
The initial studies of prehistoric copper alloys were often 
done on optical emission spectroscopy system, and: -with the 
avowed, intent of trying to find groups of similar -elemental 
composition. As wide a chemical net as possible was thrown 
open, with usually ten to twenty elements being determined. 
Though some later reassessment of the accuracy of these 
figures has occurred (Caley 19651, (Chase 19741 and. 
(Hughes 
19791, most however have gone on to be considered 
by 
statistical analysis to see if the desired 'groupings' could 
be determined. The elements thus considered were all given 
equal weighting. This trend has continued to the present day 
with the work of P Northover who has continued to distinguish 
groups of copper alloys eg (Northover 19801 noting groups of 
objects with similar trace element- patterns, each element 
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having equal weighting. 
This consideration of every element equally for separating 
the copper objects into chemical groups was quickly 'refined 
by an empirical process of selecting , only certain -elements 
which gave separation into groups. 
Friedman 1966 used just six elements; Ag, As, Bi, Fe, Pb and 
Sb: Junghans et al 1960 used just five elements; Bi, Sb, As, 
Ni and Ag) each of these elements having an equal weighting. 
Though this works for 'grouping' purposes it is eminently 
unsatisfactory from a metallurgical chemistry viewpoint. 
These are not individual variables, the ideal for the 
statistician, but rather they are all interrelated during the 
formation and subsequent history of the metal. If one 
element is present, eg As, then there is an increased chance 
of similar elements, eg Sb, also being present. There are 
numerous processes which may happen to the metal which 
increase or decrease the percentage of various elements 
in 
the metal eg size of casting, rate of cooling, which affect 
Pb or Bi or Sb distribution, etc. There are numerous 
factors 
for each element, which will govern its concentration. 
Some 
elements are clearly heavily affected eg P, S, As etc: 
others, Ag, Ni, are much less sensitive. Clearly 
the 
presence, absence or percentage concentration of one of 
the 
more sensitive elements, since it can have been affected 
by 
so many different processes, is a much less reliable 
indicator of a metal group than an element which is affected 
by only a single or very few processes. Thus some elements 
are much more likely to indicate grouping of a series of 
related metals than others, ie the weighting st-, Oau ). k- be 
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Txo- t- for all elements. -- .- -i 
It is also obvious that when considering a metal group one is 
referring not to metafls from one ore but rather metals with a 
similar metallurgical history, for the presence, absence or 
concentration of an element in an ore is very greatly 
reformed by the subsequent history of the metal. 
This warning was clearly"borne- in mind-by somet early workers, 
and was expressed by Biek -in. 1957 who, warned of - the - variable 
value of the carryover of various elements . -from ores to 
metal. So in regarding a metal as coming from a given ore: - 
Fe, Si, Al, Mg and Mn were regarded as not significant; 
Ni and Co as not helpful unless present in large 
percentage;, 
iii) Ag, Sn, Bi, Pb and Zn he regarded as the most useful 
tracers; 
Iv) P, As, Sb were very variable and of uncertain use. 
Subsequent work by other authors, eg [Tylecote & Ghaznavi 
HA 
& Boydell PJ 19771 has given a much clearer insight into the 
partitioning of the minor and trace elements in the various 
pyrotechnic processes which metals undergo, such that 
it is 
now much more possible to predict what the presence/absence 
concentration might mean in a copper metal object. 
In the following pages each element is dealt with in turn, 
and its likely presence/absence or percentage in a copper's 
composition is dealt with, trying to give reasons why there 
are these variations, and showing why they might occur. 
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This, hopefully, will show that although a chemical 
composition of a group-of analyses. may be valid as a, group, 
the methods of' achieving the , individual element 
concentrations necessary to be part of that group can be 
quite diverse and varied, thus otherwise unrelated objects 
can have similar compositions. So an elemental percentage 
necessary for group qualification may be achieved for one of 
a number of reasons. So although a 'group' is a valid 
chemical descriptor, it can, and invariably is, composed of a 
series of sub groups whose metallurgical histories are very 
varied. The only good reason for analysing and grouping 
copper alloy objects in this way is to try to discover more 
about them. This, to make any sense, must be related to 
the 
arch-teelogical record. Without knowing the metallurgical 
history, and the sub groups with similar metallurgical 
histories, it is questionable that the archaeological record 
has been in any way aided by the grouping 
due to trace 
element similarity. 
ALL ELEMENTS 
Certain facts or processes will create variations 
in a large 
number of elemental compositions. 
The degree to which any element will be retained 
in a me 
. 
tal. 
will be determined by: 
The presence, absence or concentration of the element 
in 
any of the raw materials which are used for the 
smelting, or any other subsequent pyrotechnic process 
carried out on the metal; 
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2. The thermodynamic consideration for the take up of the 
ýelement into the metal, or any other form -of compound 
retained in the metal, in any pyrotechnic process 
carried out on the metal. 
This second phase -in 2 is of -great importance because many 
elements have limited solubility in copper and form', separate 
phases or compounds. on solidification these particles' are 
trapped in the metal matrix. The total concentrationýof the 
minor trace elements caught 'in the metal matrix las - separate 
phases, eg phosphide . 
or - sulphide particles, ýor 
in , 'slag- 
inclusions, is often large. Indeed SEM scans across copper 
alloys [Maes L 19831- and [P Northover personbLl, ý comment] 
indicate that quite substantial proportions, eg 50%, of the 
total of trace elements present in a metal, eg Fe, As, Ti, 
Sb 
etc., may be in the form of these particles and slag 
inclusions. Thus any object with a very large number-of, slag 
inclusions and other non-metallic particles will 'have much' 
higher concentrations of trace elements than a metal which, 
has few slag or non-metallic inclusions. 
The presence of slag an 
.d 
other particles in 
. 
metal matrixes 
varies greatly. It depends on both the conditions:, 
of 
smelting, remelting, casting and finally any subsequent 
heating and working of a metal that have taken place. 
Indeed 
the variations in these conditions will not only 
influence 
that total volume of slag-particles etc in a casting, but 
with variations of the temperature, partial pressure of 
oxygen etc influence the ratio of elements present in slag or 
particle form. Good casting of an often remelt ed and well 
slagged metal will give a very 'clean' metal from ores which 
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contain a high percentage of impurities, eg the Roman bun 
ingots from Gt Ormes Head show few, if anY, of the 
characteristic trace elements of the local ore [Tylecote 
19621. 
Thus the degree of slag and non-metallic particles present in 
a metal may greatly influence the detected metal composition. 
The presence or absence of an element in cases of low total 
trace element concentration is misleading. It would be more 
reliable to use elemental ratios, especially with the 
elements most readily affected by slag and particle 
formation, ie S, P, As, Sb, Fe, Mn, Co, V, Cr etc., rather 
than discrete presence, absence, or percentage figures, - for 
assigning to groups. 
Elements are brought into the copper metal in three ways. 
They occur with or in the copper ore, and are not 
removed by subsequent rvomeral dressing treatments. -'Ihey 
are charged into the furnace with the copper ore and in 
the conditions of smelting occur in a stable non-gaseous 
compound which separates into the molten metal medium. 
2 They occur in the fuel, fluxes or refectories with which 
the copper ore is smelted. At the temperature of 
smelting many elements are fairly mobile, and provided 
they form a stable compound, or element, and partition 
into the molten metal medium then they would add to it. 
3 They occur as specific additives either added 
deliberately to metal to alter its properties, as 
alloying metals, or as unintentional additives absorbed 
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into the metal, invariably when in the molten state, 
from its surrounding container etc. 
Elements invariably are lost in three ways during the 
transfer from copper ore to copper metal. 
It stays in the ore, the element failing to change into 
a form which will fall through the slag pool -into the 
copper metal below, egýSiO.., This is, not always -the 
case, especially in early furnaces, - some 'rock' 
particles can, be found in the metal itself. 
2 Evolution into a gas. The element present changes into 
itself as -a raw element, or an oxide, ý sulphide, 
phosphide (the three most usual) or some other metal 
salt, And vapourises. This may happen: 
In the top of the furnace, or in an initial 
roasting procedure, with predominantly oxidising 
conditions (ie oxides are likely); - 
In the smelting zone, with a predominantly reducing 
atmosphere through subsequent movement out Of the 
smelting zone into oxidising conditions once more. 
Further up the furnace will invariably change 
the 
emergent form of the gas; 
iii) Any subsequent remelting of the initial metal 
formed from the furnace. In practice Merkel 1982 
and others who reproduce ancient smelting 
techniques invariably found necessary a remelting 
of the initial metal formed after smelting. This 
would again be in oxidising conditions. 
-, ftd 
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3 By partition into the slag, rather than the metal. This 
is determined by the solubility of the element (in 
whatever form, oxide, sulphide, or more often the pure 
element) in either the slag or the metal. This is 
usually determined by the temperature, the partial 
pressure of the chemical species - invariably S and 0 
present - and to some extent the chemical nature of the 
slag and metal at the time, iz. the rate of copper 
separation into the slag rises dramatically as the 
composition of the molten metal rises towards the 100% 
Cu. 
It appears commonly assumed that the analysis of copper- 
alloys is directed towards the "identification of their ore 
source": with the exception of the work by Pittioni and his 
colleagues this has never been the case. 
All workers in this field have accepted that the trace 
element patterns in copper metals derive not just from the 
ore, but are significantly altered, added or eliminated in 
subsequent changes, usually of the pyrotechnical nature, that 
the metal undergoes, even in the most intensive of recently 
analytical programs, eý- SAM, seeks only to determine 
"Ausgangsmaterial" or uniform metal: Sangmeister [Hawkes CF 
19621 explainecý that this is not implicit in a uniform ore 
source, but rather a unity from similar treatment of similar 
material obtained from roughly the same area. 
It would appear from more modern work, 1-that done on the 
copper producing site of Timna, that even that statement of 
similarity may be over optimistic. To quote Rothenburg 
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(Merkel 19831: 
"In the light of the results of analytical work done on 
complete sets of related samples from Timna, from the 
mines and through all processes to the finished metal 
objects, it seems most problematic, to try tracing back to 
ore sources by comparing element patterns of metals and 
ores without detailed extractive metallurgy. It has now 
become clear that the fluxes are just as important in the 
formation of element patterns in the metal, as the ores 
and production process and these results cast serious 
doubts, to say the least, on the practicability and 
usefulness of trace and/or major element patterns as a 
means of relating metal objects to their ore sources. " 
NICKEL 
This element occurs in variable quantities in copper alloy 
deposits, which appears to be the only source of Supply Of 
this element into the copper metal (Cheng CF& Schwitter CM 
19571. Nickel is very similar to copper in its chemical 
nature, and so during smelting reacts like copper, and 
consquently is reduced like copper to its metallic state 
which partitions into the metal phase. Nickel is 
infinitely 
soluble in solid solution uA copper so is present evenly 
throughout the metal. The affinity of nickel for oxygen, or 
other reactive chemical species, is very similar to copper, 
therefore, further melting or pyrotechnic processes tend to 
diminish the nickel, only in equal proportions to the copper. 
Thus this element is indeed indicative, in a metal object, of 
the original concentration in the original metal or ore. 
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This is of course provided the metal has notý been mixed with 
other coppers from different origins and so with different 
nickel contents. 
SILVER 
This element is similar to gold in many ways but is present 
in much larger quantities in copper ores than gold. It is 
frequently present in copper ores, and is rarely -introduced 
in any other way to the copper metal, save through the 
addition of another copper or more especially lead (this is 
true for gold as well) to the base copper. There is a good 
degree of carryover during the smelting process from the ore 
to the metal with the silver being fairly evenly distributed 
throughout the metal in the form of a solid solution alloy. 
The subsequent pyrotechnic processes are unlikely to greatly 
affect the silver content of the metal, though heating in an 
oxidising atmosphere will probably its relative 
percentage slightly. Thus silver is present largely from the 
ore or ores only from which the copper is extracted, and so 
if no mixing of metals has taken place, a good element 
for 
distinguishing ore body origin. 
GOLD 
Frequently present in small quantities as an impurity 
in 
copper ores. Virtually absent in all other furnace products 
and materials, its presence in the copper metal is due only 
to its carryover from the ore. Gold is soluble in copper and 
remains in solid solution in the solidified copper. Thus 
there is likely to be a good degree of carryover from the ore 
to the metal through which the gold is spread fairly evenly. 
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t*Ok'L 
-C%k%)Qr 
As goldAis a fairly inert metal any remelting, heating or 
working process will have little effect on it, the loss of 
other elements slightly raising its percentage presence. 
Thus gold is present only from the ore or ores from which the 
copper is extracted, and so, if no mixing of metals has taken 
place, a good element for distinguishing ore body origin; 
though practical difficulties in determining the Au 
concentration (typically <0.001%) and its apparent relative 
uniformity in concentration over various copper ore sources 
mean that it is rarely used for grouping or separating 
coppers. 
other elements which behave like gold are platinum, rhodium, 
etc though these are present in even smaller quantities. 
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Z INC 
Zinc occurs as an impurity'in coppeý ores [Coughlan HH& 
Butler JR and Parker G 19631, and in small quantities in the 
flux or refractory materials. Little zinc is transferred to 
the copper in smelting due to the volatile nature of zinc and 
its compounds, and due to the selective absorption of zinc by 
many refractory materials. These factors would repeat 
themselves on pyrotechnic treatment of the copper metal, 
especially the absorption of zinc by crucibles, moulds etc 
(Craddock & Bayley, pers comm). This leads to a reduction of 
zinc content at every stage, giving lower zinc content after 
every remelting. Zinc occurs in solid solution and 
oxide form in the copper - for pure copper objects. After the 
first century 95C when zinc was deliberately alloyed with 
copper, brass received widespread use in Europe, most copper 
alloys had some zinc content, probably from scrap reuse, 
making zinc concentration extremely variable with no 
relationship to any original level. 
LEAD 
Again a common impurity in copper ores. It has, however, a 
variable rate of carryover into smelted copper, depending on 
the temperature, partial pressure of oxygen (and other 
elements and gases) in other furnace conditions. Under 
oxidising conditions it will form PbO, subsequently 
volatizing or remaining in the slag. It can again be removed 
to a certain degree on subsequent melting (and slagging) of 
the copper, depending on the oxygen, partial pressure and 
temperature etc. 
I 
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The lead remaining with the copper metal is not always evenly 
distributed throughout the object due to gravity separation 
in the liquid phase, and slow cooling will cause particularly 
marked separation of the phases of Cu and Pb, due to the 
large difference in their melting points. 
In a similar manner to tin, lead was, apart from the earliest 
specimens, added to copper alloys to improve both mechanical 
properties and/or for bulk economic value. This deliberate 
alloy addition swamped the trace. of lead present in copper, 
derived from the copper ore. Thus for all but the earliest 
period it has no bearing on the origin of the copper metal, 
and even in the earliest period, due to its active and 
seyQj=kive- nature it is not a ieliable indicator of any one 
fact or condition. 
TIN 
Often found in trace amounts in copper ores, this element 
transfers well into the copper phase on smelting. However, 
as in all but the earliest objects, tin was usually added 
to 
copper to deliberately form an alloy, thus swamping the trace 
of tin present in the copper from the ore. Later reuse of 
scrap metal meant that virtually all but freshly 
formed 
copper metal had some percentage of tin in it. Thus for all 
but the earliest periods it has no bearing on origin of 
copper metal. 
SULPHUR 
Invariably present as most copper' ores presently available 
are sulphite complexes, eg the minerals Chalcocite Gký. j or 
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Chalcopyrite, 
Sulphide ores are usually referred to as being pre-roasted in 
air to oxidise them, prior to smelting. 
. 14r 
sulphide ores kiiiatte) are usually Eed-to Lhe 
4A 
siaelti'li- furnace, ýarid 
are effectively roasted -. in the 
upper part of the smelting furnace, onlycov-W%n) into the smelt 
region when oxides. This process is fuel economic as the 
oxidation process of sulphides is exothermic. I 
Sulphur, like oxygen, is usually present; as a coiiigoufia 
. ___ii-, 
eta1__su1_1)hide_ particles. It is rarely analysed for as 
there is often difficulty in detecting it. It is a very 
volatile element and its presence, absence or concentration 
, 
in the, final copper object is very largely-dependant on the 
nature of the' atmosphere in the furnace, especially the 
partial pressure of the gases such as oxygen, and the 
subsequent amount of melting and slagging of the-metal which 
has'occurred. 
PHOSPHORUS ý 
An element found in small quantities in the copper ores, 
fuels and refractories of the copper smelting process, 
ph osphorus is usually separated into the slag as metal 
phosphide, or as inorganic particles, but like sulphur and 
oxygen, these can also be found in the copper metal as well. 
Phosphorus content is reduced on heating/melting the metal in 
an oxidising, atmosphere, but again the" temperature and 
partial pressure of oxygen and other gases in both the 
smelting and remelting are the governing factors' in the 
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degree of phosphorus retained in the metal. Phosphorus is 
rarely analysed for in the copper alloys, partly due to the 
problems of detection, with its volatile nature, this 
element's concentration can bear little relation to its 
original level, but rather is some form of ZA-k-t- of the 
varying conditions of subsequent pyrotechnic processes. 
ARSENIC 
This element is frequently present in copper oresp eg 
of the Tetrahedrite series (Tennantite and as an 
impurity often with Sb and Ag in the Chalcopyrites. Arsenic 
is present only from the ore in any quantity. 
Any preroasting of sulphide ores would have reduced the 
percentage of arsenic, but on smelting it would depend on the 
furnace conditions as to the level of arsenic finally seen 
in 
the metal. Biek [Biek L 1957] states that under reducing 
conditions, with no preroasting, 6-8% arsenic levels could 
be- 
achieved. 
Once'the metal had been formed arsenic is present 
in the 
copper in solid solution (up to 6%) and as the compound 
C-b(Ns 
(at greater than 6% arsenic) (in equilibrium conditions), 
however if any oxygen is present (likely) oxide Aso3, will 
be 
formed (often with antimony oxides present as well) [Archbutt 
& Prytherch 19371. 
Experiments by McKerrell and Tylecote [McKerrell & Tylecote 
19721 and thermodynamic calculations by Ycxzawa and Azakami 
[YcLzawa & Azakami 19691 showed that arsenic was a difficult 
impurity to remove from copper, and that a joint oxidation 
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and subsequent volatization (of the As, 03 formed) was required 
to remove the arsenic, ie stirring molten copper in a stream 
of air-is required to remove the arsenic (or hot working), 
mere melting of the copper is insufficient. 
Thus the take up of arsenic is clearly affected very variably 
by the pyrotechnic processes it undergoes - probably a more 
tenacious element than originally thought. Its presence may 
be descriptive of some origins, but the possibility of pure 
arsenic having been added to copper in some early periods of 
metal use, and the subsequent removal, indicate great 
variability of arsenic content is possible, with little 
regard to origin. 
ANTIMONY 
I 
This element occurs and behaves in a very similar way to 
arsenic. It appears only to be introduced into the metal as 
an impurity in the ore (eg tetrahedrite C-S 4ýsz S, I 
(or 
possibly as an impurity in a deliberate arsenic addition). 
Influenced in the same way as arsenic, the degree of 
retention in the metal during smelting is again governed 
by 
the furnace conditions and any pre-roasting that might 
have 
taken place. Though arsenic appears largely removed 
by 
volatization of the oxide form, Yazawa Cyazawa 19741 suggests 
antimony may volatise in the sulphide, oxide and pure metal 
forms, thus giving possible loss even in reducing conditions. 
Antimony is soluble in copper as a solid solution up to 2% at 
equilibrium, but invariably non-equilibrium conditions mean 
that Cu, Sb 
' 
can be Eormed at much lower concentrations of 
antimony. The more usual form in practice appears to be 
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antimony present in oxide form Sb2.0. with arsenic, , invariably- 
present, both arsenic and antimony oxides often appear 
together in the metal. 
,, 
y,, e, 1ve,, rise to-segregation"I"', j, i,,.!, her concentrations of antiuiion' 
effects, which -ire also seen wiih tirf, ''CSil'Alar atomiý weight to 
antimony) Vlký,, `rioticabl'e s'epeiation' of the tin Ifliase(, 6g, ý tip-sw6at) 
occurs'in the castin, t process dLLe, to "the differenti-al'%epera, , Elo'n 
of the-, J)hases, of-LI'le cool iri, o[ tiie, wetal, frofti t1le incit. ). 
The antimony, therefore, although present originally from the 
ore wi"11 have very variable take up into the metal, depending 
on the smelting conditions, and suffer variable loss like 
arsenic through many subsequent pyrotechnical treatments. 
Thus its non-presence or occurrence in low quantities 
is not 
necessarily meaningful. 
BISMUTH 
This element occurs rarely in copper ores, sometimes as 
an 
impurity in the tetrahedrite. It is unlikely to enter 
the 
metal system in any way other than an impurity 
in the copper 
ore, which was transferred during smelting. It reacts 
during 
smelting in a very similar way to antimony, suffering 
diminution from volatization in sulphide, metal, and 
particularly oxide form. 
Bismuth is a heavy metal, not soluble in solid solution with 
copper, rather it forms a metal bismuth film between the 
grains of copper making it brittle, in a similar way to lead: 
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but it is more usually seen as an oxide or similar -particle 
form (often with arsenic and oxygen). 
Bismuth being a heavier metal will not be homogeneously 
distributed in the solid metal, suffering from gravity 
separation: and if cooled too slowly from phase separation 
(melting point of bismuth is 270*C). These problems, pointed 
out by Charles [Charles 19731 together with the problems of 
variable take up in smelting, and subsequent loss in 
following pyrotechnical processes, indicate the -possible 
variable nature of the final bismuth concentration compared 
to its original levels. 
IRON 
This element occurs plentifully in the ore deposits of 
copper, eg as the mineral Chalcopyrite CuFeSz and is an 
essential component in the fluxes and ceramics with which the 
copper is smelted. Under the reducing conditions necessary 
for smelting copper iron metal can be producede indeed many 
attempts at reproducing early copper smelts have found iron - 
often 3-4% -a common impurity, (Merkel J 19831. These sorts 
of levels of iron are produced in some ancient objects, eg 
the analyses of objects from Timna, an ingot with over 40% 
iron from Bir Nasib in Sinai has been found. The iron is 
only very partially soluble in pure copper, and is thus 
usually present as iron metal, or in the form of oxides eg 
magnetite or as a silt, ceous oxide as slag, eg the iron 
silicate. fayalite FeSiCý. 
Merkel's experiments (Merkel 19831 invariably produced high 
iron percentages in copper upon smelting (up to 10%) but 
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these were quickly reduced by melting in an oxidising 
atmosphere, thus slagging the iron. Tylecote - et -al 
[Tylecote, Ghaznavi -& Boydell 19771, and indeed Merkel, 
suggest that this was the normal routine for copper 
production from the Timna site, remelting the copper after it 
had been smelted to purify it. 
Given that iron is partially soluble to some extent in molten 
copper, any copper alloy melted in an iron pan, or stirred 
with an iron rod, may well pick up a certain small percentage 
of iron. 
This ease of gain or loss of iron depending on ore, furnace 
gases, subsequent pyrotechnical history etc. makes it one of 
the most variable elements in copper, and one of the least 
helpful. 
MANGANESE 
This element is very similar to iron in both its chemical 
nature, and occurrence and reactions in the copper alloys. 
Though usually present in smaller quantities than 
iron, it 
too is an element present in the ores, refractories, 
fluxes 
and fuels. It is invariably present in the slags, often 
in 
the form of manganese silicates, and occurs in the copper 
mainly in trapped slag particles. Remelting and 
hot working will tend to reduce the presence of slag 
particles and so reduce manganese percentage as well. As 
with iron this element's initial concentration is related to 
furnace conditions, and length of heating, determining the 
slag content of the metal, rather than any concentration in 
the raw materials. Its subsequent Pyrotechnic history will 
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have greatly influenced its concentration levels, vastly 
reducing any benefit to be derived from determining manganese 
percentage. 
SILICON 
This occurs as an oxide in combination with various other 
elements, invariably metal ions - 'f-is czat ýor_s tý& -r-h- iv% which the I 
ore occurs, and of which most refractory materials are 
largely formed. on smelting the silicon usually in its 
-iron 
rich oxide form, separates from the copper to form slag. . 
Silicon is virtually insoluble in copper, and if it does 
occur it is always present in the form of entrapped slag 
particles. The presence of these particles clearly depends on 
the heat of smelting and any subsequent meltings. The degree 
of working will also affect the amount of slag particles 
present in the metal. 
MERCURY I 
Though present in some copper ores in a similar manner 
to 
gold or silver, it has not always been analysed 
for. it 
behaves in a very similar manner to Silver during smelting. 
Its obviously volatile nature in its native metal state, and 
its relatively volative salts, mean that it is rarely carried 
over in any large quantity during smelting. 
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From the thermodynamic data [Yazawa 19741 (Yazawa- & Azakumiý 
19691, and from the practise of modern copper smelters, we 
can see that certain suites of elements act in'similar ways. 
Thus if a given set of conditions prevail, eg -good 
pre-roasting in an oxidising atmosphere, arsenic, antimony, 
bismuth, sulphur, silver etc will only be present, if at all, 
in smaller quantities in the final copper. From the 
geological data [Co. ghlan, Butler & Parker 19631 (Pittion'k. 
19571 we know that certain groups of elements occur together, 
eg arsenic and antimony, in the tetrahedrite series etc. -., , It 
was, therefore, not surprising that early analysts noticedi 
correlations of various elements, eg silver, antimony and 
arsenic Lcoghlan, Butler & Parker 19631; and groupings which 
have been made, noticing the presence or absence of whole 
suites of metals, eg the change of Middle to Late Bronze Age 
material, noted by Northover (Northover 19821, are felt to be 
much more reliable than the numerous groupings based on the 
variations in concentration of a single element, eg bismuth 
[Slater & Charles 19701. 
From these descriptions of the behaviour of individual 
elements we can see the very variable nature of the 
different 
elements' reactions in the copper metal. Clearly different 
elements signify different things, each element 
having 
different sources, affinities to form compounds and 
subsequent variation in physical state. Thus, to treat these 
elements equally, and look for those which vary most to split 
up the copper alloy analyses, is an oversimplification. 
If more practical information were available it might be 
possible to effect a refined system for making out what the 
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presence or absence of a certain element may mean in terms of 
the pyrotechnic history of the object this, however',,, will, 
rely on knowing the composition of the ore and- othev- charge 
material, in order to make an estimate of the furnace 
conditions and subsequent pyrotechnic history. 
Even with this brief consideration of elements, it is clear 
that for the purposes of this study some elements will 
provide more useful information than othersý 
When seen in the context of other post-Roman. ýand medieval' 
copper analyses (Chapter 11) and of the knowled4e ofllýRoman, 
and pre-medieval copper mining, smelting and- usage (Chapter,, 
3), a convincing case for analyses can be created, for a 
limited suite of elements. 
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COPPER, ZINC, TIN AND LEAD 
These elements were those controlled by the metalworker. 
Their variations represent the major constraints in 
technical, social and economic terms experienced by the 
metalworkers. 
NICKEL, ARSENIC AND ANTIMONY 
These el'ements are to some degree, nickel especially, 
derivative only from the ore body. Major changes in their 
occurrence may reflect changes in the ore body used for 
copper extraction; or in the case of arsenic and antimony, in 
subsequent pyrotechnical history. 
IRON AND MANGANESE 
These --06', ke- elements may be used in correlation with 
metallographic examination to determine samples with high 
slag content. This may indicate that the presence Of high 
concentrations of other trace elements may be' due to the 
large amount of slag present in the metal. 
SILVER AND GOLD 
These elements were assessed qualitatively, their presence or 
absence perhaps indicating an unusual occurrence, eg an 
unusual ore source, a high percentage scrAp input into the 
metal, or similar unusual occurrence. 
Chapter 10 
METHOD OF ANALYSIS 
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A major component of this research involved establishing the 
metal of which medieval pins and wires were made. The method 
of analysis of the metal was made on the basis of: 
The elements it was desired to analyse for (See Chapter 
9) (and the accuracy levels to which they should be 
analysed); 
The equipment and facilities available for ' the 
analytical programme. 
Upon this basis X-Ray Fluorescence of pins prepared for 
metallographic analysis was the chosen method of analysis. 
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X-RAY FLUORESCENCE THEORY 
X-ray fluorescence is a radiation caused by high energy 
electrons, or x-rays, impingeing on a sample material. This 
initial 'radiation' displaces an inner shell electron from 
its orbit in the atoms of the target material. Electron 
transitions from the outer shells then occur to stabilise the 
atom. These electron transitions occur with the emission a 
secondary x-radiation (x-ray fluorescence). As electrons 
only occupy specific energy levels, according to the quantum 
theory, the, x-radiations of. only a specific energy or 
wavelength are emitted. For any given element only certain 
electron transitions occur -either as a competing process 
(several different mechanisms are possible for filling the 
same vacancy), or a series process (where the filling of one 
vacancy means that another is created, then that is 
subsequently filled and so on). This creates a series of 
distinct x-ray emissions with a given ratio to each other. . 
These emissions are like the electron shells lettered K, L 
and M, denoting the shell to which the electron is fallingor-, 
, and 
Zý etc. denotes which of several competing possible 
transitions is occurring, and the subscript 1,2,3 etc 
indicates the energy level in the shell from which 
the 
electron has come. Moseley in 1913 noted the relationship 
between the atomic number of an element and the wavelength of 
its emission (for the same sort of electron transition). 
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For K line emission: 
X (Z-1) -1 
, 
\= wavelength 
Z atomic number 
This relationship is 'the basis for all modern x-ray 
spectrometers, and means that provided the wavelength or 
similar function, eg energy of an x-ray emission (which is 
used in this work) is known, then the element in the sample 
from which it derives can be identified. 
The question of how much of the identified element is present 
in the sample then arises. The relationship is clearly one 
of the'amount of characteristic radiation detected in a given 
time being related in some way to the number of atoms which 
emitted it; but the relationship is not simple ie intensity 
is not directly proportional to concentration. It has been 
found that many variable factors are involved. If we take 
the example of an element lil in a multi-element sample of 
reasonable thickness then it is found that the measured 
intensity Io depends on: 
The amount of radiation available above the absorption 
edge of the element it which will cause secondary 
radiation. so any fluorescence equation must be summed 
over all the wavelengths of the incoming radiation which 
can cause excitation. 
There is the question of how the incoming radiation 
passes through the sample, which will depend on the 
distance the incoming radiation travels through the 
target before it reacts with an atom. This distance can 
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be expressed in terms of the angle at which the beam 
strikes the sample, and the depth from the surface of 
the sample of the reacting atom. 
iii) How well this incoming r adiation passes through the 
sample is governed by the elements in the sample, and 
there ability to absorb the incoming x-radiation. This 
ability is related to the mass absorption coefficient 
().. L /P) 
). k being the linear absorption coefficient (composed 
of a scattering coefficient and a photoelectric 
absorption effect) a unique quantity obtainable from 
tables[Criss and Birks 19681 or calculable as the 
dominant photoelectric absorptio n (a function of 
the wavelength of the incoming radiation and the 
atomic number of the element and its density) 
p bel-ne, tilt! density of the cler. ient, 
The sample material through which the incoming radiation 
is travelling is invariably composed of several 
elements, thus the absorption effect is by the product 
of the mass absorption effects of each element in the 
sample with regard to its atomic percentage, ie 
Ik (compound) (ý%i Wi) 
ýxjand Wi are the individual mass coefficients and 
atomic percentages for each element i. 
iv) Having reached the atoms inside the target material, 
- the chance of 
the incoming radiation producing the 
resultant characteristic secondary radiation ls,, given 
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lectric -a) The, -factor of the zibsorpý, ýoý. -,,, Iýtri, 4uted to 'ph('). e_ 
absorptil'On in the electron Shell. is where r is the 
jump ratio 
b): --The factor of the photoelectric,. absorptfon qvents which give 
r to, f, luorescerit .. et-Aimiss ion in transitions t-o-, Ehat shell. This 
Oef iý'eý-'as" 
"the f luorescent yi6 Id w, and takes, Auge r of f C'cts 
into account. 
, c) -The spectroscopic 
facLor L, which the 
subscilueriL- emmissions at the line of interest. 
All Lhese terms are constant for a single elemen. t, for a 
radiaLion-of given ener6y wrx---)-. 
V) There is then the question of how the outgoing radiation 
passes through the sample which depends on the distance 
that the outgoing radiation travels through the target 
(again expressed in terms of the angle of the outgoing 
radiation to meet the detector and the depth of 
the 
reacting atom beneath the surface). 
vi) The outgoing radiation's ability to be absorbed 
by the 
sample again made up of the individual mass absorption 
coefficients of the elements in the sample with 
regard 
to their w4: %tt percentage. 
vii) The ability of the detector to pick 
up the 
characteristic radiation of an atom and record 
it is 
governed by the part of the characteristic emitted 
radiation which will fall onto the detector's window 
and the efficiency of the detector in registering 
that radiation (e). For a given element this series of 
spectrometer constants is invariably constant. 
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The combination of these terms, which have to be integrated 
over the spectral range of the incoming x radiation gives for 
the pure element 'i' in a matrix Im' 
Pi = gi ci 
L, \I<) C. fsex- 6 (%%) cosec- T 
(Terms defined page 350) 
This primary fluorescence equation gives us a theoretical 
model which allows us to predict the amount of an element 
which will give a quantifiable amount of a single 
characteristic line x-ray fluorescent radiation. 
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DESCRIPTION OF THE EQUIPMENT 
The analyses were carried out on an energy dispersive x-ray 
fluorescence system which comprised: 
A 'Coutant' NS AERE. 016,50kv 1 ma power supplyj supplyiAo, cx D. C. 
output operated at 40kv, 0.5 ma to a 'Nutmaq' low power x-ray 
generator which has an EG 50 Rh. x-ray tube with a Rhodium 
anode in an AERE 808F housing. This generates an x-ray 
continuum together with a series of metal target specific 
emission lines. The x-ray beam usedýwasý collUnated by two 
discs pierced with a 2mm diameter hole, the discs being 150mm 
apart. It then travels through a mylar window into a chamber 
held %. LftAer vacuum when analysing in order to allow 
more low energy x-rays to reach -and be remitted by the 
sample. The x-ray beam travels 112mm to the sample, striking 
it at an angle of 40* which means that the x-ray beam 
striking the sample has a cross sectional oval area of 5x7mm. 
The emergent radiation then travels at go* to the sample 
plane in order to reach the detector (though the actual 
radiation is emitted in 4V-). The detected radiation travels 
70mm from the sample through a 0.025mm thick Beryllw^ window 
into an ORTEC detection system comprising a Lithium drifted 
silicon detector and a 716A pre-amplifier unit which are 
mounted above a dewar containing liquid nitrogen, and 
operating at liquid nitrogen temperatures. The signal from 
the detector is fed into a rack mounted 401A/402A Bin and 
Power supply, whose output is fed into Series 30 
CANBERRA multichannel Analyser, which counts and displays on 
MR 
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a display of 1024 channels, the pulses which comprise the 
received spectrum. 
At this point information can be recorded manually about the, 
spectrum, eg the number of counts per channel per second. 
Alternatively information, namely a copy of the displayed 
spectrum, could be recorded on a digital cassette, using a 
CANBERRA digital cassette recorder. 
The information was then, if obtained manually, from the 
Multichannel Analyser display (MCA) used to calculate the 
areas of peaks which represent the secondary emissions of the 
elements in the sample, see Data Handling. if the 
information was recorded on cassette it could be played back 
through another CANBERRA digital cassette recorder into a 
H1000 M series Hewlett Packard computer where the more 
complex spectral handling facilities could be used, see Data 
Handling. 
. 
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DATA HANDLING 
The spectrum as it is displayed on the Multi Channel Analyser 
is a series of peaks above a general level of background 
radiation. The peaks represent the emitted line radiations 
of the elements which have been detected, separated by virtue 
of their different energies and using a series of preset 
'energy' gates. 
The system's preset energy gates which divided the incoming 
signals by their energy must be calibrated against a known 
standard in order that a peak position in an observed 
spectrum can have its energy or wavelength equivalent 
computed so that it is known which element it represents. 
Throughout this program of analysing the system was 
calibrated for energy level using a pure silver standard. 
The characteristic silver peaks: K-c 22.162 kev and La---2.98 
kev corresponding to peaks at channel positions at 86 and 
645.5. Thus the system appeared to represent 0.03427 kev per 
channel displayed, plus an addition of 0.04046 kev to every 
spectrum as the preset energy gate system did not back all 
the way to zero. Thus a Mn Kocpeak at 5.893 kev would be 
seen as a peak on channels 170 and 171. 
The detection and separation procedures in the XRF detection 
equipment have introduced the factor of statistical variance 
into the detection and display of the emitted line 
radiations, which thus occur as peaks. The area of the peak 
is directly proportional to the intensity of the emitted line 
radiation from the sample. The peak conforms approximately 
in shape to a Gaussian distribution with a measure of the 
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width of the peak, either variance or full width half maximum 
representing measures of the ability of the system to resolve 
a simple signal energy. By convention all XRF systems have 
their resolution denoted by the full width half maximum of 
the manganese Worline radiation. 
On the system used in this series of analyses, the resolution 
was found to be 219.3 kev, see graph 10: 1. 
Examining a typical spectrum of the material to be analysed 
in this project, see graph 10: 2, revealed, though, most of 
the elements whose concentrations we would wish to know, le 
copper, zinc, tin, lead, nickel, iron, arsenic, antimony, 
and silver, have characteristic emission lines in 
the area of the spectrum revealed by the detector and many of 
these lines are observable on the graph, there are several 
problems. 
There is a level of background radiation caused by 
Raleigh/Compton scattering off the target into the 
detector, in addition to the fluorescence peaks. 
This 
must be removed if the intensity of the 
individual 
element's radiations is to be accurately established 
(necessary for quantitative analyses, see Quantitative 
Techniques). Using the "window" facility on the Multi 
Channel Analyser, the total number of counts in a given 
area can be automatically determined. The peak 
intensities are derived by subtracting the background, 
which is estimated from the mean background contribution 
derived from two points of background only radiation, 
taken from either side of the peak, and summed over the 
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full width of the peak. 
Several of the elemental line emission peaks overlapped 
with other emission peaks, therefore, where possible 
single uninterfered with peaks were used; or relevant 
percentages of the contribution of other peaks were 
subtracted from the total peak area to give the 
intensity of the relevant peak. This method was found 
to be more accurate and less time consuming than fitting 
Gaussian peaks, eg using the Simulstrip program on the 
H1000 Hewlett Packard computer, which could not cope 
with fitting the large number of peaks which occurred in 
the 7.5 to 9.5 kv region of the spectrum. 
COPPER 
The Cu Kmand K Opeaks are not completely resolved, and the 
Cu Ký is distorted by Zn Koewhich overlapsit. Therefore the 
Cu Kccpeak was measured from its 
lowest point to a point 
between the Cu k. ocand Ký, which is the lowest point 
in the 
saddle between the two. will always occur 
in a constant ratio to one another this point will 
be a 
constant in energy terms). 
'rhis area 
equates well to the whole of the Cu Vocintensity. 
ZINC 
As previously stated, the Zn Vcr-and the cu K. p lines occur 
very close to each other, and so the peaks are not resolved. 
Thus the Zn Kp which is invariably a separate peak, was the 
characteristic emission measured for Zinc. Though 
interference by a gold Au Lmwas possible it only occurred in 
for a ýgiven systew-unkl(Ir ýý, iven conditions. 
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one sample. The much smaller size of the KP peak as'compared 
to the KcCpeak is the reason for the poor minimum detectable 
level, and accuracy figures for this element. 
LEAD 
The Pb Loepeak was found to be well resolved. The Pb Lfipeak 
which was also well resolved was found to occur over a steep 
rise in the background, and in comparative tests the Pb Lac 
was found much more reliable. The only interference 
occasionally found to the Pb Locpeak was'from AsXoc. If the 
As Ký peak (a clearly resolved peak) was ever observed the Pb 
Lccpeak intensity was adjusted Aan As Kor- eqivalent was 
deducted) accordingly. 
NICKEL I 
The Ni koc peak occurs in the bo-se of the invariably large Cu 
I? cr-peak: the Ni K Apeak being completely obscured under 
it. 
By experimentation it was found-that-the first'18 channels of 
the copper peak, in which the Ni koc occurred were, 'in the 
standards which had no Ni *presbnt, a constant proportion 
0.002654 of the copper Racpeak as measured. Thus 
in all 
samples the Ni KoCintensity was determined as the 
intensity 
of the first 18 channels of the Cu peak minus the constant 
proportion of the Cukmpeak. This was found in practice on 
the standards to give very good and consistent results. 
IRON 
The iron I<acpeak (the Ký being too small to accurately 
measure) was interfered with by an escape peak from copper, 
ie Cu Kccminus the energy for a Si K oc excitation in the 
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detector. This peak was found to be roughly a constant ratio 
to the Cu Kcc, (see Experimental Section - Appendix A). The 
iron intensity was derived by measuring the whole peak around 
the 6.4 keV line and subtracting a constant proportion 
(0.005787) of the Cu Koc peak. This did give usable figures 
for iron intensity, but with much less accuracy than was 
desired. 
ARSENIC 
The Koc-peak being obscured by the presence of Pb Loc, the K. ý 
peak, a clear separate peak, was the emission line peak 
measured for arsenic determination. 
ANTIMONY 
The K= peak of this element occurs as a separate peak, and 
thus was used as the measured emission line. Due to 
operating voltage of the x-ray source, there were few x-rays 
of sufficient energy to excite Sb Koe-rays. The efficiency of 
the detector is also increasingly poor in the 20.0 keV plus 
region, thus the counting statistics were often poor for this 
element, and so accuracy and minimum detectable levels were 
poor. 
MANGANESE - 
The k cc peak (the X f) being buried under the 
Fe Kcw) was 
interfered with by the copper escape peak mentioned 
previously. This as shown elsewhere (Experimental Section - 
Appendix A) occurs roughly in proportion to the Cu Xoc peak. 
The manganese intensity was derived by measuring the whole 
peak around the 5.9 keV line and subtracting a constant 
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proportion (0.0002752) of the Cu ý< oc peak. This gave a 
usuable figure for manganese intensity, but with much less 
accuracy than was desired. 
SILVER 
The ka-'peak of this element occurs as a separate peak, and 
this was used as the measured emission line. 
GOLD 
The Lý peak of this element occurs as a separate peak, and 
this was used as the measured emission line. 
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STANDARDS 
The quantitative analysis of the samples was undertaken using 
a variation of the Fundamental Parameters method. This 
relied upon the use of a series of known standards. In this 
respect this project was confined to analysis based on 
standards that were commercially available. A group, of 13 
standards were bought from British Non-Ferrous Metals (BNF) 
and the National Bureau of Standards (NBS) of America. Their 
compositions, see Table 10: 1, included elements which it was 
not desired to analyse for in this project, ie, Phosphorus, 
Silicon, Bismuth in small quantities; and two of the 
standards contained percentage quantities'of Aluminium. In 
order to make the necessary corrections for matrix absorption 
etc, which are involved in quantitative analysis, figures for 
Aluminium were included in all the data bases subsequently 
used in this study. Aluminium was not looked for in any of 
the samples. For comparative elemental work with the 
standards the two standards NBS 1118 and BNF 52.21 were 
expressed as percentage proportions of 97.2% and 97% 
respectively. 
The elements Silver, Gold and Arsenic were not available in 
the commercial standards in sufficient quantities to allow 
calibration for quantitative analysis. Thus, although these 
elements were looked at in the analysis, it is only their 
presence or absence which can be attested, not their 
quantity. 
TABLE 10: 1 
STANDARD COPPER ALLOY COMPOSITIONS, 
(E xpressed in Percentage t erms) 
NBS 1103 Cu 59.27 Zn 35.72 Sn 0.88 Pb 3.73 
Ni 0.15 Fe 0.26 
NBS 1109 Cu 82.2 Zn 17.4 Sn 0.1 Pb 0.07 
NBS 1111 Cu 87.1 Zn 12.8 Sn 0.19 Pb 0.013 
Ni 0.022 Fe 0.01 
NBS 1116 Cu 90.3 Zn 9.4 Sn 0.04 Pb 0.042 
Ni 0.048 Fe 0.046 P 0.008 
BNF C42 X01 Cu 66.0 Zn 32.515 Sn 0.83 Pb 0.12 
Ni 1.0 Fe 0.19 Mn 0.11 As 0.03 
Sb 0.12 Bi 0.01 
BNF C71 X04 Cu 87.066 Zn 1.2 Sn 7.9 Pb 2.4 
Ni 1.0 Fe 0.12 Mn 0.05 As 0.13 
Sb 0.12 Bi 0.004 
BNF C71 Xll Cu 82.884 Zn 6.0 Sn 5.9 Pb 4.0 
Ni 0.54 Fe 0.12 Mn 0.06 As 0.19 
Sb 0.19 Ag 0.01 
NBS 1118 Cu 75.1 Zn 21.9 Sn - Pb 0.02 
Ni - Fe 0.06 Mn - As 0.007 
Sb 0.01 Al 2.8 
BNF 52.05 Cu 60.46 Zn 39.54 
BNF 52.21 Cu 59.69 Zn 35.64 Sn 1.54 
Si 0.16 Al 2.97 
BNF C71 X21 Cu 83.56 zn 4.9 Sn 5.2 Pb 5.3 
Ni 1.0 P 0.04 
BNF C50 X31 Cu 75.77 Zn 0.57 Sn 9.6 Pb 11.1 
Ni 1.6 Fe 0.25 Mn 0.02 As 0.14 
Sb 0.60 P 0.15 S 0.12 
BNF C30.05 Cu 70.01 Zn 29.99 
BNF X34 Cu 77.598 Zn 1.0 Sn 11.6 Pb 8.2 
Ni 0.72 Fe 0.17 Mn 0.19 As 0.08 
Sb 0.38 Bi 0.03 
TABLE 10: 1 (Cont) 
For comparative element purposes NBS 1118 and BNF 52.52 were 
expressed without their Aluminium content. 
NBS 1118 Cu 77.26 Zn 22.50 Sn 
Ni - Fe 0.06 Mn 
SbO. 01 
Pb 0.02 
As 0.08 
BNF 52.21 Cu 61.52 Zn 36.73 Sn 1.58 
For use with Prical and Secal programs (see Quantitative 
Techniques) these analyses were expressed in terms of 
totalling 100%. This was done to make them comparable to the 
samples which are always expressed in this form, as it is a 
necessary assumption made in the analytical computer program. 
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QUANTITATIVE TECHNIQUES 
PRIMARY FLUORESCENCE 
Using the primary fluorescence equation derived in the 
section on X-ray fluorescence theory, it is possible to 
predict by measuring the characteristic radiation of elements 
what percentage of that element is present in the sample. . 
To do this we must know the values of all but the elemental 
concentration in the fluorescence equation. various 
simplification techniques are available often using standards 
to make this process possible. For this work looking at 
copper alloys it was decided, due to the type of equipment 
and availability of standards, that a variation of the 
Fundamental Parameters method would be most suitable. This 
involved the use of a series of analysed standards against 
which the unknown samples would be compared, together with 
base data on fluorescent yield, jump ratios, mass absorption, 
coefficients, etc. other techniques eg Empirical Coefficient 
method using a known primary spectral distribution were 
considered less suitable and, therefore, not used. 
The use of this "Fundamental Parameters" method follows much 
work and experience in the use of this form of quantitative 
analysis by previous authors [Sherman 19551 (Shirawa and 
Fujino 19661 [Jenkins and De Vries 19571 [Criss and Birks 
19681 [McKerrell 19741 [Bertin 19781 and [Cox and Pollard 
198Z]. All these authors have similar versions of the 
fluorescence equation and following the procedures of Criss 
and Birks 1968 the primary fluorescence equation can be 
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presented in the form: 
Pi = gi Ci 
/Dl(Xk)ýti(Xk)I(Xk), &Xk 
m (N k) cose cC+)Am (A i)cosec ,. 
Trr 
Pi Primary intensity (the intensity of the x-radiation 
emitted by element i). 
Ci The concentration (by weight percentage) of the 
element i present in the sample. 
The summation of this equation for all the 
wavelengths (k) of the spectrum, ie for every 
wavelength of the inc id-on. 1 rad_i_, ition sc_ctru;, d,,,. k, 
Di(, \k) 1 or 0 term, denoting whether the element is 
fluoresced or not by the wavelengthX k ie Di is 1 
above the absorption edge of an element i, and 0 
below it (in energy terms). 
ýki(Xk) The mass absorption coefficient of the element 
for the radiation, \k. 
I(Xk)A>%k The integrated intensity (I) of the radiation (Xk) 
over a given band width (AXk) ie from Ak-ýXk+A, 
>*Il- 
ýtm(Xk) The mass absorption coefficient of the matrix 
for 
the incoming radiation, this being composed of the sLLm 
&-L productsof the mass absorption coefficients for 
each element to the radiation Xk (at all values of 
k) and the amount of the element present in the 
matrix ie weight percentage. 
6 This is the angle of the incoming radiation as 
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measured from the plane of the sample. ''' 
M(Ai) The mass absorption coefficient of the matrix for 
the outgoing radiation, this being kt%e 5LLm of the 
productsof all the mass absorption coefficients of 
each element to the emitted radiation Xi and the 
amount of the element present in the- matrix ie 
weight percentage. 
T This is the angle of the outgoing radiation 
measured from, the, plane of the sample. 
gi These are a series of sample and spectrometer 
factors, and which are a constant for any"one given 
elementLi), being analysed on the same XRF system. 
grw (znr- 
tec tor ia f f. i ciency, 
geonlie 
ýtr ic,, -6f f i-c i. er. lc, y, 
aII other terlas were lerined onk"ýAge 
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This primary equation can be simplified for calculation 
purposes. Though the equation is usually integrated over the 
whole of the spectral distribution, there exists a single 
value whose product equates to that achieved by integration 
over the whole of the spectrum. This value is referred to as 
the effective wavelength or ( >% eff). This simplification 
(the mean value theorem), can be used to simplify the primary 
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fluorescence equation as a single value. (, X eff) is used 
rather than integrating over the whole spectrum; this 
approximation having been used in programs operated on the 
EDAX systems [Shen 19741 and [Stephenson 19711. 
The value which is normally used for this approximation is, 
in energy terms, 0.3 kev above the absorption edge of the 
element, initially this empirical value was used in our 
program, thus 
Pi = gi Ci ýXi( Xeff) I(Xeff)AXeff Di(Xeff) 
)im(Xef f) cosec E+ ýxm(Xi) cose cT 
where eff, which is the effective wavelength (in energy 
terms; 0.3 kev above the absorption edge) which is 
substituted and approximately equal to summing the equation 
over every wavelength of the spectrum. 
Di(Aeff), above the absorption edge is always 1. 
A Xeff, this term is no longer applicable as a single value 
is being substituted instead of a series of wavebands. 
For any one element analysed under similar spectral and 
instrumental, the terms gi, ). Li(/\eff) and I(,, \ eff) are 
constant, thus 
Ci = Pi OAm(Xef f) cosec 6+ )xm(Xi) cosec ý) 
If the assumption that the intensity seen and measured on our 
displayed spectrum is caused solely by the primary 
fluorescence mechanism ie Pi meaawteiL then by 
calculating the mass absorption coefficient terms (MAC terms) 
yL mG\ ef f) csc P- +ý-km(, \i) csc ý, the relationship between the 
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Ci , weight percentage of the element in the sample, and its 
measured intensity can be obtained. 
A computer program MAC (see over) was written to derive the 
value of )-km(Xeff) csc 6+ >xm(, \i) csc Y for a given line 
emission, eg kcr-of any element i, taking into account the 
composition of the matrix of the standard in which the 
element occurred. This required the use of a set of data, 
computer file PCUDAT 2 which the mass absorption coefficients 
of every element for each element's chosen characteristic 
radiation time is denoted. The results (see Table 10: 2) were 
listed. 
PROGRAM P-AC 
DIMENSION 
OPEN(lPFILEu'PCUDAT2') 
OPEN(2yFILEw'STDWT') 
CPE, N(3pFILE-'PESL'LTS') 
READ(lp*)((A(KPL)PK=lpll)PL-loll) 
READ(lp*)((D(KPL)PK-lpll)PL-lpll) 
READ(2p*)((G(KPL)sKalpll)iLuIP14) 
DO 100PJWIP14 
WRITE(3plO) J 
10 FORMAT(2XPlSAe. PLE NUMbER'j2YjI3) 
00 50. oN=Ioll 
WRITE(3s2O) N 
20 FORMAT(2yplELEMENT NUMBERIP2Xsl? ) 
C(N -0 00 
E (N =0.0 
P( N) -0.0 
IF(G(NPJ)*EQ, O. C)GOTO ýO 
DO 30, thsljll 
IF(G(MPJ). E0*0.0)G0l0 30 
C(N)wC(N)+G0A, jJ)*A(M)N) 
E(N)-E(N)+G(MjJ)*D(M)N) 
30 CONTINUE 
P(N)-E(N)*1.55f7A. 84C(N) 
hRITE(3j'55) P(F)oC(N) 
3t FORMAMWMAC IS'i2XjFlZ. tp2XP'U2 VALUE 'pFlZot) 
50 COr-TINUE 
100 CONTINUE 
END 
TABLE 10: 2 
THE CORRECTION FACTOR 
The correction factor for every element's characteristic 
radiation, derived from mass absorption coefficients in the matrix 
of the standards, for all 13 standards used. 
Element/ Cu Zn Sn Pb Ni Fe As Sb Al Mn Ag 
Standard 
110.3 34151 45266 4147 30355 16380 24207 ----- 
1109 40022 57581 3798 29012 13750 20470 ----- 
1111 41678 58338 3787 28829 15655 20391 ----- 
1116 42716 58669 3757 28603 15551 20181 ----- 
1118 37459 55517 - 28550 - 20450 -- 
52.05 32526 54650 ----- 
52.21 32836 53245 3842 -- 
C7lx21 44997 57351 4325 28633 19243 --- 
C50x3l 47138 55649 4921 28630 25187 35164 36816 4482 43378 
C30.05 35754 55948 ------- 
C5Ox34 47128 55994 4840 28196 24367 34499 36854 4348 42723 
C42xOl 34995 55315 3904 29688 14526 21592 42378 3459 34419 
C71xll 44599 57152 4300 28394 19014 27366 39242 3842 34076 
These correction factors could then be applied, to the relevant 
measured intensity and the result plotted against the 
concentration. 
This is shown in graphs 10: 3 - 10: 6 
In all cases the relationship is an approximately linear one, 
which is the relationship predicted and found by other workers who 
have used this method ie [Criss, JW and Birks LS 19681 [Marti W 
19621 [Lucas-Tooth J and Pyne C 1964] [Lucas-Tooth HJ and Price BJ 
19611. 
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COMPUTER PROGRAM II 
To analyse the pin and wire samples both the standards and 
samples were prepared ready for metallographic examination 
(see Metallographic Sample Preparation). The standards were 
analysed on the X-ray fluorescence to determine the intensity 
(peak area above background) of the selected line emission of 
the elements of the sample. The products of these 
Intensities and the relevqnt mass absorption coefficients 
(derived from the MAC program) were derived. The plotting of 
the corrected intensity against concentration for each 
element (using the figures derived for the, various standards) 
described a linear relationship between concentration and 
measured intensity. This was accurately determined with a 
least squares fitting routine. 
The gradient and intercept of this line were then 
incorporated into an iterative computer program PRICAL which 
was written in Fortran and run on the Cyber 720 and ICL 1904S 
computers at the Bradford University Computer Centre. This 
program derived the elemental composition of the unknown 
samples utilising the measured intensities of the line 
emission in the unknown sample, the mass absorption 
coefficient data in computer file PCUDAT2, and the 
relationship between measured intensity and concentration 
derived from the standards detailed in the flow chart 
(see 
over) and works by taking the values of the elements in one 
sample, then multiplies them with an initial given estimate 
of the mass absorption coefficient factor. It then works out 
the corresponding concentration value, using the relationship 
established by the standards, and this concentration is 
355 
(after normalisation) used to calculate a new mass absorption 
coefficient value, which is then used to obtain a new and 
better estimate of the element's concentration. This process 
proceeds iteratively obtaining an increasingly better 
estimate of the elemental concentrations until a given range 
of accuracy is reached (no changes greater than 0.001% in any 
element), at which point the estimate of the concentration is 
printed out. 
tart 
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ad Compositions 
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Flow diagram for quantitative analysis programs incorporating matrix 
absorption or absorption / enhancement corrections. The loop sequences 
over all elements i for both standards j and samples k have been deleted 
for clarity in the diagram. The absorption and absorption / enhancement 
coefficients are calculated from equations derived by Criss and Birks (1968). 
. is -- 
Sample Data 
Av 
No 
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F%IFILF-C477 
0FE N' 2F1LET: )ý 
EA1; 11JII 
E AD 1 11 
READ(2j* CIJ, jIIJ, 11 J, 11 
3 r-CRiAT (IIA2) 
DO ICO J-lj-14 
I. 0 
AlxO. O 
Do Jc N-1pll 
AIZA1+9(Nyj) 
ic CONT iNUE 
IF(Al. EQ-0-0) GOTO 1CO 
42-775OC10 1A 1 
Do 2c Nalyll 
BI (1, )-ý 2* C( N) 
20 CC-NTINL; E 
25 G1-0- C; 
00 3C Nwlpll 
c(N) C0.0 
IF(61(K). Eo. o. o)Gr, TO 30 
IF (S M. EC. O. Cr)GOTO 20 
30 CONTINUE 
GZ-1. C/Gl 
DO 35 N-lyll 
G(h)-G2*C(N) 
3, ' CLNTINLE 
Dc, 4c N-lpll 
CIK)a0o0 
E(K)cO. 0 
p (N., ) Noe 0 
IF(31(N-)*E0.0oC) GOIC 140 
DO 3a 9-1111 
IF(: sl(V). E0. C*C) f-57C IE 
CC(N+G Kp N 
H CONTINUE 
F(N)xE(. %)*1.5557! P+C0, ) 
cý CONTINUE 
I-I+1 
11-0 
IF(I. EQ. I)C-CTO 55 
DO 100 K-1#11 
IF ( EM GT. V(ý )(-CIO 45 
GGTO 50 
45, IF(G(A). GT*V(, ()+0*00i)(-LI1j 50 
II-11+1 
IF(Ij. E0.11)GPTrJ' tO 
0 .1 CONT IN UE 
11 00 60 K-Ipll 
U( i( )aG (K ) 
8j(K)wA2*q(Kpj)*P(K) 
50 CON T INUE 
IF(IoE L' .1 CO )C t' T C-7 0 
GOTO Z, ' 
70 WR IT; "175 )j 
75 FORMtT(? )P'&FTER I'DO l7EFklIONSpl 
1HA4E FIR 5AMPLElyj4ylI. 4ý1) 
GOT082 
80 wNTE (301) J 
31 FO^ýMAT (2WSUCCESSiAN 4NS4W F'Cý 
e2v-2.3 
wRITE(3. P: 15) I 
55 
91 
x; g, 
icc 
ý- A VE NO 4NS A ý%. I hE ý E. ýT Tma II 
Stt, PLEI 
jo 
14 ) 
FC;; t, AT (2y. 914PITI-EýýATILNS CO-IPLETLE') 
00 9! 7 K-Jjtjj 
G(K)-(-, (K)'4100. C 
'eRITE(3.9'11) NI(K))G(K) 
FCP, " AT (2X. P IELE !I ENT It 1) pAZ 
CONI 1NLE 
CMNTINUE 
STCF 
END 
PPESENT A -S 1PFb*'. 3 ýp 
IApIý, I. PEFC LIN 
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SECONDARY FLUORESCENCE 
The primary assumption in this Data Handling section was that 
the primary fluorescence was responsible for producing all 
the measured intensity. Previous workers have found this not 
always to be a valid assumption, and that the simplified 
primary fluorescence mechanism is not the sole mechanism of 
producing fluorescence. Further to the previously explained 
primary fluorescence mechanism there is also the effect that 
the incoming radiation produces a specific X-ray emission 
from the elements in the sample. These resultant secondary 
emissions travelling through the sample then cause another 
element to fluoresce, emitting a secondary emission which 
then travels out of the sample. This so called secondary 
fluorescence has also to be taken into account, contributing 
as it does to the fluorescence of the sample and so to the 
elements intensity measured. As for the primary 
fluorescence, the secondary fluorescence equation has 
frequently been derived from first principles [Sherman 19551 
[ShircOwa and Fujino 19663[Criss JW and Birks LS 19681 as 
this is a well understood and often used equation, for the 
sake of brevity I will merely quote it. I will use the 
equation for the total (primary and secondary) fluorescence 
as used by Criss JW and Birks LS 1968. 
G\ Y, )' c05 ec t ;Ar, 0\ co s 9. C. 
j (X k) CS p, (N l< 
: Z. ýxt (A k) 
1 6.1 -t cxkl cose-c- 6- 
I 
)AM 
OW) CC-69-C. E 
I 
)Am co se c 
(A 
J 
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All the terms in this equation are as explained in the 
primary fluorescence equation, except: 
This represents the summation of this equation for 
every wavelength in the spectrum, ie for a given 
wavelength of primary X-ray ( >CK ), the whole 
spectrum is summed for the secondary 
emissions wavelengths caused by that wavelength 
( >o<) . 
Here i refers "to the elciiient of interest and j ý-o 
iaLioll another OleCilent., whoose characLeris,. L. ic rad 
fluoresces e lepient., f t'j is the 
jump ratio and W is the fluoresent yield of element 
j. 
Again the mean value theorem can be invoked to substitute 
both ak eff for summing over all wavelengths of the primary 
x-radiation (. ýI and aj eff for summing over all wavelengths 
K 
of the secondary x-radiation 
For the purposes of this project we require to know the ratio 
of primary to total fluorescence. Assuming that the primary 
and secondary radiation to comprise the total fluorescent 
radiation (this is not entirely true for there are ternary 
and further levels of fluorescence, but as shown by Shiriawa 
and Fujino [Shiriawa & Fujino 19661, the ternary 
fluorescence contributes a very small part of the total 
radiation detected and, therefore, ternary and further orders 
of fluorescence are for the purposes of this thesis treated 
as negligible). The ratio of primary to the total (primary 
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and secondary) measured fluorescent radiation would be 
expressed 
P, 
from the derived primary and primary and PL -0 SL 
secondary equations the terms: 
lý C., ý Z-, (>, 1<ý ): ýL, ýxx) 1 
(W A>lk 
K ýk, 
(, \k) colsec- e -t- )-j-m Uý) COS4r- lý 
cancels, and using the mean theorem approximations k eff and 
j eff, leaves: 
(1<, 4) )jo Ow. -M 
oc QA) Cosec 
m (k e- Ez 
I f, I -t (, \ ý) C- os ec 
c-osec- Jx", (i 4 
Since all the terms of this equation, as 
fluorescence, are available from data tabl 
Cj which are known for the standards, then 
primary to total measured radiation can be 
standards (where the weight percentages 
present are known). 
for the primary 
es, except Ci and 
the ratio of the 
determined for the 
of each element 
A computer program SMAC (see over) was written to derive 
the 
values of the above equation for the given line emission 
(, \, i) of any element i, taking into account the composition 
of the standard in which it occurred and any possible 
enhancement reaction. This required the use of a set of data 
SECDAT which contained both the necessary absorption 
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coefficients, and a matrix for determining the occurrence (if 
any) of the secondary fluorescence. The results of SMAC are 
seen in the table 10: 3. 
DI Ns 1 01 
'D I ME Ns I 9N AIIIIG101 
pF(11)141(1)0t, (IIAN1 11 S 11 TII 
OPEN(1tFTLE='SECDhTl) 
CPEN(2vPJLE=, 'QE5ULTSl) 
OPEN*(4yrILF='STDVTl) 
READIA(IvJpI-I#1)j, Jr1pII 
READ10TJp11 11 J-I) 11 
REA01()11p1 
READ1F()11pII 
RE4D(lp*)(S(I)*T=lsll) 
READ 1 j- Y(II-1p 11 
RE4DIFI(I11p 11 
READ 1( Dl (IJPIý1 11 Jý1 11 
READ(4y*)((GCIPJ)ol=lpll)lJcltl4) 
3 FOPMAT (11AA2) 
DO JCO J=1114 
DO 40 N= 1, II 
C (N =0.0 
E (N so. 0 
P(N0.0 
T(N 0*0 
IF(G(Nj9J). F0.0.0) G670 46 
00 38 K=l , 11 
IF(G(K)J). FQ. 0.0) GOTO 36 
C(N)ýC(N) +C(KvJ)*A(9)N) 
E(N)=E(N')+G(Ki-J)*D(K. #N) 
38 CONTINUE 
P(N)=E(N-)*1.555716+C0-) 
40 CONT INUE 
00 44 N=lpll 
S4=0.0 
IF(C(. '4). EO. 0.0) GOTO 44 
DO 43 Malyll 
IF(C(M). E0.0.0) GOT043 
Sl=(J. O/C(N)ý'ALOG(1.0+(C(N)/C(M)))) 
S2-(1.0/(E('4)*1.5557))*ALLG(I-C*(E(N)*J. 51,57)/C(14)) 
S3=Dl(MoN)ý'G(MgJ)*A(MPN)*D(M#M)*(100-1*0/'(M))*Fl( V, 
S4xS4+(S3*(52+Fl)) 
43 CONTINUF 
S5-S4*(I. C/D(Nts')) 
S6=1.0/Mý/2-0)+190) 
T(N)=P(N)*'-', 6 
44 CONTINUE 
wPITE(2v50)J 
50 FORMAT(2WSAIMPLFIP2, ýP13) 
DO 60 N=l #11 
ý, RITH2P53)NI(N) 
53 FORMAT(2)(PA? ) 
ý, RITF(29`55) P(N)tT(N) 
55 FORMAT(2y# 1 PPI'44" MAC lp2YpFI2. tp2xp '-'-ECCNC&PY MAC 
1 li 2X. *FI2.6) 
60 CONTINUE 
100 CONTINUE 
END 
TABLE 10: 3 
The correction factor'for the element's characteristic 
radiation, derived from mass absorption coefficients and enhancement characteristics in the matrix' of "the 
standards for all 13 standards used. 
(figures quoted are expressed at x 101 
Standard 
Element 
1103 Cu 338.1 zn 540-1 Sn 41.5 Pb 302.5 
Ni 156.3 Fe 206: 7 
1109 cu 399.3 Zn 575.2 Sn 37.9 Pb - Ni 134.2 
lill cu 415.5 Zn 582.4 
1116 cu 426.2 Zn 585.8 
1118 cu 374.1 Zn 554.8 
52.05 cu 325.3 Zn 546.5 
52.21 cu 325.1 Zn 530.2 Sn 38.4 
C7lx2l cu 433.8 Zn 563.7 Sn 43.2 Pb 280.0 
Ni 183.5 
C50x3l cu 449.3 Zn 548.0 Sn 49.8 Pb 279.6 
Ni 236.2 Fe 301.2 As 374.0 Sb 45.3 
C30.05 cu 357.5 Zn 559.5 
C50x34 cu 439.7 Zn 540.8 Sn 48.4 Pb 268.5 
Ni 224.7 Fe 290.6 As - Sb 43.5 
Mn 366.3 
C42xOl cu 347.9 Zn 552.6 Sn 39.0 Pb 296.3 
Ni 139.2 Fe 181.3 As - Sb - 
Mn 227.9 
C7lxO4 cu 442.5 Zn 566.5 Sn 42.7 Pb 268.6 
Ni 182.5 Fe 227.8 As 387.3 Sb 37.8 
C71xll cu 428.6 Zn 561.1 Sn 43.0 Pb 276.5 
Ni 180.0 Fe 228.8 As 391.9 Sb 38.4 
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These correction factors can then be applied to the relevant 
measured intensity and the result plotted against 
concentration. This is shown in graphs 10: 7 - 10: 10 
In all cases, an approximately linear relationship is 
established, which is the form of relationship predicted in 
the secondary fluorescence equation. 
Im 
GRAPH 10: 7 - THE RELATIONSHIP BETWEEN CORRECTED 
COPPER INTENSITY (P! +Si) AND COPPER 
CONCENTRATION 
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GRAPH 10: 8 - THE RELATIONSHIP BETWEEN CORRECTED ZINC 
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As in the case of the computer program PRICAL which utilised 
the primary fluorescence equation, so the secondary 
fluorescence equation correction terms are incorporated into 
a computer program, SECAL (see over). Written in Fortran 77 
and run on the Cyber 720 and ICL 1904 S computers at Bradford 
University Computer Centre. 
In this program a series of values of gradient and intercept 
of the 'least squares' line fits to graphs relating intensity 
(corrected for secondary and primary fluorescence) to 
concentration are used. Together with base data programs 
SECDAT and RBSTDS. 
The program operates in exactly the same way as PRICAL, but 
taking into account the secondary fluorescence to obtain by 
iteration the best estimate of concentration. 
PROGPAt's SFCAL 
DI MENS IL 'IN y(ll), Fl(ll)PDI(llPll) 
DIMENS ION A( 11 p 11 8( 11 , 14 )PC( 11 )PD 119 11 PE 11 PG( 11 P 11 CI 
OPEN(1, FILF-OCUALDATI) 
OPENHPFILE-IRESULTSI) 
OPEN(4pFILE='QBSTDS') 
READ(1, *)((A(IPJ)PI'1111)PJ'1011) 
READ(1, *)((D(IPJ)J'Iwl, ll), Vj, lpl1) 
READ(1, *)(O(I), Iý1,11) 
PEADUP*)(F(I)PI01911) 
READ(IP*HS(I), I21Pll) 
READ(1)3HNl(I),, IxlplI) 
READ(l, *HY(I). PI2lPll) 
READ(I., *HFl(I)PIzlPll) 
READ(lp*)((Dl(IPJ)plalpll)pJ, lpll) 
READ(4p*)((B(I, J),, I-lj, ll), J-I, #14) 
3 FORMAT (11A2) 
DO 100 J-1,14 
I-0 
A1a0.0 
DO 10 N=lpll 
Al-Al+B(NPJ) 
10 CONTINUE 
A2al350000/Al 
DO 20 N=lpll 
Bl(N)xA2*Q(N)*B(N, J) 
20 CONTINUE 
25 GI-0.0 
DO 30 N-lPll 
G(N) -0.0 
IF(Bl(N). E0-0.0)GOTO 30 
G(N)-(Bl(N)-F(N))/S(N) 
G1-GI+G(N 
30 CONTINUE 
G2-1.0/Gl 
DO 35 N-IPll 
G(N)=G2*G(N) 
35 CONTINUE 
DO 4C N-lPll 
C(N) -0.0 
E(N)=0-0 
P(N) =090 
T(N) -0.0 
IF(31(N). EO. 0.0) GOTO 40 
DO 38 K=lpll 
IF(51(K). EO. 0.0) GOTO 38 
C(N)zC(N)+G(K)*A(K, N) 
E(N)-E(N)+G(K)*D(KpN) 
38 CONTINUE 
P(N)-E(N)*I. 555718+C(N) 
40 CONTINUE 
DO 44 N-lPll 
S4=0.0 
IF(C(N). EO. 0.0) GOTO 44 
DO 43 Maloll 
IF(C(M). EQ. 0.0) GOT043 
Sl-(1.0/C(N)*ALOG(1*0+(C(N)/C(M)))) 
S2-(I. O/(E(N)*1.5557))*ALCG(1.0+(E(N)*1#5557)/C(M)) 
S3zDICMPN)*G(M)*A(MoN)*D(M, M)*(1.0-1.0/Y(M))*FI(M) 
S4*S4+(S3*(S2+Sl)) 
43 CONTINUE 
S5=S4*(1.0/D(N, N)) 
S6=1.0/((S5/2-0)+1.0) 
I(N')-P(N)*S6 
44 CONTINUE 
I-I+l 
Il-0 
IF(I. EQ. 1)GOTO'55 
DO 50 K=Ipll 
IF( G(K). GT. U(K)-0.001)GCjTO 45 
GOTO 50 
45 IF(G(K). GT. U(K)+0.001)GOTO 50 
ll=Il+l 
IF(II. EO. 11)GOTO 80 
50 CONTINUE 
55 DO 60 Kulpll 
UMýG(K) 
31(K)=A2*B(K#J)*T(K) 
60 CONTINUE 
IF(I. E0.100) GOT070 
GOTO 25 
70 ývRITE (2p75)J 
75 FORMAT(2XYIAFTER 100 ITERATIONSPI HAVE NO ANSAW. THE BEST THAT I 
1HAVE FOR SAMPLEOPI4. *1151) 
GOT082 
80 WRITE (2p8l) J 
81 FORMAT (2X#lSUCCESSpAN AN5AW FOR SAMPLEIP14) 
82 V-2.3 
WRITE(2. *85) 1 
85 FORMAT (2XPI4plrTERATIGNS COMPLETED') 
DO 95 K-lvll 
G(K)-G(K)*100.0 
ýRITE(2o9l) Nl(K)jG(K) 
91 FORMAT (2XslELEMENTlplXfflA2plXvlIS PRESENT ASl#F8.3olX#lwT* PERCEN 
II) 
95 CONTINUE 
100 CONTINUE 
STOP 
END 
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ACCURACY OF THE DATA HANDLING 
Having compiled the programs PRICAL and SECAL and extracted 
intensity data for a few elements using the methods described in 
the Data Handling Section, it is obviously desirable to know how 
well the programs handle the data, how well h%e-w results relate 
to actuality (accuracy) and to what extent they are repeatable 
(reproducibility). Therefore, the standards which have been 
used to obtain the values for the (I measurea>cM. A. C. term 
value) concentration relationship were measured several 
times, and the intensity run through the programs several times 
in different combinations. 
In the first case it was felt desirable to see differences 
between the two programs, therefore, the same set of intensity 
data was fed through the PRICAL and the SECAL programs, and the 
results compared with the actual concentration values given for 
the analysed standards - see Table 10: 4. 
From these figures it can be seen although on. average the errors 
using the SECAL program are lower than those using -the 
PRICAL program for the elements copper and nickel, they are 
greater, by a larger margin for the elements zinc, tin and lead. 
This is surprising since the SECAL program incorporating a term 
for the' secondary fluorescence might be considered more 
accurate. In a second series of analyses the correlation 
coefficients of the best line fits to data processed by the 
PRICAL and SECAL programs was derived - see Table 10: 5. This 
again shows the lack of difference between the two programs, the 
secondary fluorescence not making the figures more accurate. 
Since there is no increase in accuracy by taking secondary 
fluorescence into account when handling the data as it is 
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derived at present, for the sake of simplicity all further work 
was done using the PRICAL program. 
Table 10: 4 
Results of the intensity data, comparing the, use of the primary 
fluorescence equation only to relate measured intensity to 
concentration (PRICAL) against the secondary fluorescence 
corrected results which relate intensity to concentration 
(SECAL). 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Cu 59.5 82.2 87.14 90.3 77.4 60.46 61.62 
PRICAL 57.03 83.12 88.26 91.91 77.57 57.30 58.53 
% Error 4.15 1.31 1.29 0.79 0.22 5.22 5.01 
SECAL 57.19 83.38 88.38 91.20 77.76 57.52 58.71 
% Error 3.88 1.44 1.42 0.89 0.47 4.86 4.72 
% Zn 35.86 17.4 12.81 9.4 22.5 30.54 36.79 
PRICAL 38.14 16.35 11.74 8.99 22.44 42.79 39.93 
% Error 6.36 6.03 8.35 4.36 0.27 7.99 8.53 
SECAL 37.92 16.23 11.62 8.90 22.24 42.48 39.75 
% Error 5.74 6.72 9.29 5.32 1.16 7.44 8.05 
% Sn 0.88 0.1 0.0 0.0 0.0 0.0 1.59 
PRICAL 1.11 0.31 0.0 0.0 0.0 0.0 1.55 
% Error 26.14 - - - - - 
2.52 
SECAL 1.11 0.31 0.0 0.0 0.0 0.0 
- 
1.54 
3.14 % Error 26.14 - - - - 
% Pb 3.73 0.07 0.0 0.0 0.0 0.0 0.0 0 0 PRICAL 3.72 0.22 0.0 0.0 0.0 0.0 . 
% Error 
SECAL 
0.27 
3.78 
- 
0.07 
- 
0.0 
- 
0.0 
- 
0.0 
- 
0.0 0.0 
% Error 1.34 - - - - - 
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Table 10: 4 (cont) 
Sample x2l x3l . 05 x34 X01 x04 xll 
% Cu 83.54 76.7 70.0 78.29 66.3 87.48 83.44 
PRICAL 85.58 76.70 68.88 77.45 64.99 86.75 84.81' 
% Error 2.44 0.00 1.60 1.07 1.98 0.83 1.64 
SECAL 85.48 76.06 69.10 76.89 65.26 86.62 84.73 
% Error 2.32 0.83 1.29 1.78 1.57 0.98 1.55 
% Zn 4.9 0.58 30.0 1.0 32.66 1.20 6.03 
PRICAL 4.53 1.33 31.12 1.76 34.00 2.27 5.67 
% Error 7.55 - 3.73 - 4.10 - 5.97 
SECAL 4.54 1.37 30.90 1.80 33.85 2.30 5.67 
% Error 7.35 - 3.0 - 3.64 - 5.67 
% Sn 5.20 9.73 0.0 11.7 0.83 7.9 5.94 
PRICAL 5.29 9.96 0.0 12.41 0.64 8.14 5.56 
% Error 1.73 2.36 - 6.07 22.89 3.04 6 40 
SECAL 5.34 10.25 0.0 12.82 0.64 8.28 5: 63 
% Error 2.69 5.34 - 9.57 22.89 4.81 5.22 
% Pb 5.3 11.26 0.0 8.27 0.12 2.4 4.03 
PRICAL 4.60 12.01 0.0 8.38 0.38 2.85 3.96 
% Error 13.21 6.66 - 1.33 - 18.75 1.74 
SECAL 4.64 12.32 0.0 8.49 0.26 2.80 3.97 
% Error 12.45 9.41 - 2.66 - 16.67 1.49 
% Error 
Mean Standa rd 
Deviat ion 
Copper >5 0% Prical 1.97 1.67 
Secal 2.0 1.44 
Zinc >3% Prical 5.75 2.49 . 
Secal 5.76 2.40 
Tin >1% Prical 3.69 2.92 
Secal 5.13 2.44 
Lead >1% Prical 6.99 7.5 
Secal 7.34 6.47 
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Table 10: 5 
The correlation coefficients of the plotted points to the "least 
squares" straight line fit through these points, for every 
graph. 
Primary fluorescence equation only (using E eff as 0.3vev above 
the elementý absorption edge) 
Cu . 995 Zn . 998 Sn . 999 Pb . 994 
Secondary fluorescence corrected equation results (using E eff 
as 0.3kevabove the elementb absorption edge) ýO 
Cu . 995 Zn . 998 Sn . 999 Pb . 993 
PRECISION AND ACCURACY OVER AN EXTENDED PERIOD 
Having fixed on the method of obtaining and processing data, 
during the course of the analytical program the set of 14 
standards were analysed a total of 5 times. These were 
designated: 
RBSTDS, WHSTDS, STD13,. STD213, and STD274. 
The results of these analyses are here recorded in order to show 
how accurate these repeated analyses were, and the precision of 
repeated analyses. Not all elements were analysed for on all 
occasions. The first hundred or so analyses, which incorporated 
the analysis of data sets RBSTDS and WHSTDS were analysed 
in 
September 1981, and under one set of analysing conditions were 
not analysed for Iron, Manganese or Antimony quantitatively 
(though Antimony was looked for qualitatively). All the other 
analyses were done during March of 1983 and, under a second set 
of analysing conditions, and all the elements listed were 
analysed for. See Tables 10: 6 -1013 
TABLE 10: 6 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Cu STD 57.29 82.65 87.50 90.77 77.85 58.01' 59.36' 
% Cu 
RBSTDS 56.96 83.06 88.26 91.01 77.57 57.30 58.53 
% Error 0.58 0.50 0.87 0.26 0.36 1.22 1.40 
% Cu 
WHSTDS 57.09 82.98 87.98 91.33 78.10 57.81 59.19 
% Error 0.35 0.40 0.55 0.62 0.32 0.34 Oý. 20 
% Cu 
STD13 56.16 82.47 87.64 90.59 76.42 55.39 57.43 
% Error 1.97 0.22 0.16 0.19 1.84 4.52 3.25-, 
% Cu 
STD213 55.56 82.58 87.54 90.56 76.35 56.32 57.18 
% Error 3.02 0.08 0.0 0.23 1.93 2.91 3.67- 
% Cu 
STD274 56.16 82.56 87.33 90.46 76.58 56.23 57.37 
% Error 1.97 0.11 0.19 0.34 1.63 3.07 3.35 
% Cu 
repeat 87.37 
13/213 
% Error 0.15 
% Cu 
repeat 87.3 
13/213 
% Error 0.23 
TABLE 10: 6 (Cont) 
Sample x2l x3l . 05 x34 X01 x04 xll 
% Cu STD 84.55 73.54 69.37 79.46 66.3 84.9 83.88 
% Cu 
RBSTDS 84.71 75.51 68.88 76.89 64.93 85.96 84.37 
% Error 0.19 2.68 . 0.71 3.23 2.07 1.25 0.58 
% Cu 
WHSTDS 84.76 74.0 69.43 79.14 66.09 84.87 84.06 
% Error 0.25 0.63 0.09 0.40 0.32 0.03 0.21 
% Cu 
STD13 83.99 74.13 68.69 75.92 63.91 84.97 83.64 
% Error 0.66 1.43 0.98 4.46 3.60 0.08 0., 29 
% Cu 
STD213 84.04 74.46 68.57 76.18 63.72 85.76 83.37 
% Error 0.60 1.25 1.15 4.13 3.89 1.13 0.62 
% Cu 
STD274 84.01 74.38 67.75 76.11 63.13 86.61 . 82.83 
% Error 0.64 1.14 2.33 4.22 4.78 2-01 1.25 
% Cu 
repeat 83.92 75.34 63.39 
13/213 
% Error 0.74 5.18 4.39 
% Cu 
repeat 83.64 
13/213 
% Error 1.08 
Error 
Copper >50% 
Me an Standard 
Deviation 
RBSTDS 1.14 0.93 
WHSTDS 0.34 0.18 
STD13 1.69 1.64 
STD213 1.76 1.48 
STD274 1.93 1.48 
TABLE 10: 7 
Sample 1103 1109 1111 
% Zn STD 35.86 17.40 12.81 
% Zn 
RBSTD 38.06 16.33 11.74 
% Error 6.13 6.15 8.35 
% Zn 
WHSTDS 37.88 16.69 12.02 
% Error 5.63 4.08 6.17 
% Zn 
STD13 38.41 17.27 12.36 
% Error 7.11 0.75 3.51 
% Zn 
STD213 38.77 17.18 12.47 
% Error 8.11 1.26 2.65 
% Zn 
STD274 38.52 17.31 12.67 
% Error 7.42 0.52 1.09 
% Zn 
repeat 12.63 
13/213 
% Error 1.41 
% Zn 
repeat 12.71 
13/213 
% Error 0.78 
1116 1118 52.05 52.21 
9.4 22.5 39.54 36.79 
8.99 22.44 42.70 39.93, 
4.36 0.27 7.99 8.53 
8.67 21.90 42.19 39.03 
7.77 2.66 6.70 6.09 
9.41 23.58 44.61 4M8 
0.1 4.8 12.82 10.85 
9.44 23.65 43.68 41. Q3 
0.43 5.11 10.47 11.52 
9.39 23.49 43.77 40.80 
0.11 4.4 10.70 10.90, 
TABLE 10: 7 (Contd) 
Sample x2l 
% Zn STD 4.9 
% Zn 
RBSTD 4.49 
% Error 8.37 
% Zn 
WHSTDS 4.30 
% Error 12.24 
% Zn 
STD13 4.51 
% Error 7.96 
% Zn 
STD213 4.02 
% Error 1.63 
% Zn 
STD274 4.51 
% Error 7.96 
% Zn 
repeat 4.47 
13/213 
% Error 8.78 
% Zn 
repeat 4.55 
13/213 
% Error 7.14 
x31 . 05 
0.58 30.0 
1.31 32.12 
3.73 
2.13 30.57 
1.90 
1.06 31.32 
4.4 
0.98 31.43 
4.77 
1.0 32.25 
7.5 
x34 X01 
1.0 32.66 
1.75 33.94 
3.92 
- 32.32 
1.04 
1.33 34.57 
5.85 
1.55 34.81 
6.58 
1.39 35.33 
8.18 
1.63 34.52 
5.70 
Error 
zinc >2% 
Mean 
I 
Standard 
Deviation 
RBSTD 5.84 2.58 
WHSTDS 5.1 3.28 
STD13 5.80 3.84 
STD213 5.47 3.75 
STD274 5.46 4.11 
x04 ý 
1.20 
2.25 
2.81 
1.99 
1.86 
1.78 
x1l 
6 . ý03 
5.64 
6.47 
5.92 
1.82 
5.69 
5.64 
5.57 
7.63 
5.95 
1.33 
* greater than 20% error 
TABLE 10: 8 
Sample 1103 
% Sn STD 0.88 
% Sn 
RBSTD 1.10 
% Error 25.0 
% Sn 
WHSTDS 0.99 
% Error 12.50 
% Sn 
STD13 0.98 
% Error 11.36 
% Sn 
STD213 1.09 
% Error 23.86 
% Sn 
STD274 0.88 
% Error 0.0 
% Sn 
repeat 
13/213 
% Error 
% Sn 
repeat 
13/213 
% Error 
1109 lill 1116 1118 52.05 52.21 
0.01 0.02 0.04 - - 1.59 
0.31 -- 1.55 
2.51 
0.12 1., 78 
14.47 
0.16 "l. 79 
- 12.58 
0.13 - 1.79 
- 12.58 
- 1.83 
15.09 
TABLE 10: 8 (Contd) 
Sample x2l x3l 
% Sn STD 5.2 9.73 
% Sn 
RBSTD 5.21 9.74 
% Error 0.19 1.27 
% Sn 
WHSTDS 5.30 10.52 
% Error 1.92 8.11 
% Sn 
STD13 5.66 10.29 
% Error 8.85 5.75 
% Sn 
STD213 5.54 10.24 
% Error 6.54 5.24 
% Sn 
STD274 5.56 10.25 
% Error 6.92 5.34 
% Sn 
repeat 5.72 
13/213 
% Error 10.00 
% Sn 
repeat 5.90 
13/213 
% Error 13.46 
. 05 x34 x01 
- 11.7 0.83 
- 12.28 0.64 
4.96 22.89 
- 11.81 0.91 
0.94 9.64 
- 12.76 0.99 
9.06 19.28 
- 12.45 0.93 
6.41 12.05 
- 12.41 0.95 
6.07 14.46 
13.21 0.95 
12.91 14.46 
Error 
, Sn >5% 
Mean Standard 
Deviation 
RBSTD 5.84 2.58 
WHSTDS 5.1 3.28 
STD13 5.80 3.84 
STD213 5.47 3.75 
STD274 5.46 4.11 
xO 4 x1l 
7.90 5.94 
8.04 5.53 
1.77 6.90 
8.26 5.39 
4.56 9.26 
8.63 5.72 
9.24 3.70 
8.22 6.03 
4.05 1.52 
8.52 5.81 
7.85 2.19 
* greater than 20% error 
TABLE 10: 9 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Pb STD 3.73 . 07 . 013 . 042 . 02 
% Pb 
RBSTD 3.71 0.22 
% Error 0.54 - 
% Pb 
WHSTDS 3.78 - 
% Error 1.34 - 
% Pb 
STD13 3.92 - 
% Error 5.09 - 
% Pb 
STD213 4.08 - 
% Error 9.38 - 
% Pb 
STD274 3.91 - 
% Error 4.83 - 
TABLE 10: 9 
Sample x2l x3l . 05 
% Pb STD 5.3 11.26 
% Pb 
RBSTD 4.55 11.82 
% Error 14.15 4.97 
% Pb 
WHSTDS 4.47 11.66 
% Error 15.66 3.56 
% Pb 
STD13 4.73 11.89 
% Error 10.75 5.60 
% Pb 
STD213 4.52 11.69 
% Error 14.72 3.82 
% Pb 
STD274 4.81 11.76 
% Error 9.25 4.44 
% Pb 
repeat 4.72 
13/213 
% Error 10.94 
% Pb 
repeat 4.74 
13/213 
% Error 10.57 
Pb >5% 
x3 4 X01 
8.27 0.12 
8.32 0.38 
0.60 
8.14 0.51 
1.57 
8.40 0.42 
1.57 
8.29 0.43 
0.24 
8.53 0.49 
3.14 
8.30 0.36 
Error 
Mean Standard 
Deviation 
RBSTD 6.67 7.35 
WHSTDS 7.52 8.69 
STD13 7.99 8.69 
STD213 8.71 9.05 
STD274 9.66 9.43 
xO 4 x1l 
2.4 4.03 
2.82 3.94 
17.15 2.23 
2.91 3.96 
21.25 1.74 
2.98 4.00 
24.17 0.74 
2.96 4.00 
23.33 0.74 
3.08 4.35 
28.33 7.94 
* greater than 20% 
TABLE 10: 10 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Fe STD 0.26 0.05 0.01 0.05 0.06 
% Fe 
STD13 0.36 
% Error 38.46 
% Fe 
STD213 0.33 
% Error 26.92 
Sample x2l. x3l. . 05 
% Fe STD 0.25 
% Fe 
STD13 0.21 
% Error 16.0 
% Fe 
STD213 - 0.25 
% Error 0.02 
% Fe 
repeat 0.04 
13/213 
% Error 
x34 X01 xO 4 x1l 
0.17 0.19 0.12 0.12 
0.16 0.11 0.18 
5.88 8.33 50.04 
0.18 0.09 0.19 
5.88 25.00 58.33 
0.14 0.38 
17.64 100.0 
Error 
Fe >0.1% 
Mean Standard 
Deviation 
STD13 23.73 19.51 
STD213 23.23 22.86 
TABLE 10: 11 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Mn STD 
% Mn 
STD13 
% Error 
% Mn 
STD213 
% Error 
Sample x2l x3l 
% Mn STD 0.02 
% Mn 
STD13 - 0.02 
% Error - - 
% Mn 
STD213 - 0.05 
% Error - 
% Mn 
repeat 
13/213 
% Error 
. 05 x34 x01 x04 xll 
- 0.19 0.11 0.05 0.06 
- 0.21 - 0.06 0.06 
- 10.53 - 20.0 0.0 
- 0.23 - 0.07 0.10 
- 21.05 - 40.00 80.0 
0.20 0.26 
5.26 
Error 
Mn >0.02% 
Mean Standard 
Deviation 
STD13 10.18 10.00 
STD213 
11 
10.00 
1 
30.09 
1 
* greater than 20% error 
TABLE 10: 12 
Sample 1103 1109 1111 1116 1118 52.05 52.21 
% Ni STD 0.15 0.1 0.02 0.05 
% Ni 
RBSTD 0.16 0.09 ---- 
% Error 6.7 10.0 
% Ni 
WHSTDS 0.27 0.22 ---- 
% Error 80.0 120.00 
% Ni 
STD13 0.18 0.10 ---- 
% Error 20.0 0.0 
% Ni 
STD213 0.17 0.11 ---- 
% Error 13.33 10.0 
% Ni 
STD274 0.15 0.09 
% Error 0.0 10.0 
TABLE 10: 12 (Cont) 
Sample x2l 
% Ni STD 1.0 
% Ni 
RBSTD 1.04 
% Error 4.0 
% Ni 
WHSTDS 1.17 
% Error 17.0 
% Ni 
STD13 1.11 
% Error 11.0 
% Ni 
STD213 1.09 
% Error 9.0 
% Ni 
STD274 1.10 
% Error 10.0 
% Ni 
repeat 1.13 
13/213 
% Error 13.0 
% Ni - 
repeat 1.17 
3/213 
% Error 17.00 
x31 . 05 x34 x01 x04 xll 
1.62 0.72 0.1 1.0 0.54 
1.63 - 0.76 0.12 0.94 0.53 
0.62 - 5.56 20.0 6.0 1.85 
1.69 - 0.91 0.17 1.15 0.67 
4.32 - 26.39 70.0 15.05 24.07 
1.74 - 0.76 0.11 1.05 0.55 
7.41 - 5.56 10.0 4.0 1.85 
1.70 0.79 0.11 1.04 0.53 
4.94 9.72 10.0 4.0 1.85 
1.66 0.79 0.10 0.53 
2.47 9.72 0.0 1.85 
0.84 0.08 
16.67 20.0 
Error 
Ni >0.11 
Mean Standard 
Deviation 
RBSTD 14.34 22.01 
WHSTDS 44.60 40.70 
STD13 7ý60 6.24 
STD213 7.86 3.84 
STD274 4.86 4.80 
TABLE 10: 13 
Sample 1103 1109 lill 1116 1118 52.05 52.21 
% Sb STD 0.01 
% Sb 
STD13 
% Error 
% Sb 
STD213 
% Error 
Sample x2l x3l 
% Sb STD 0.60 
% Sb 
STD13 - 0.65 
% Error - 8.33 
% Sb 
STD213 - 0.63 
% Error - 5.00 
% Sb 
repeat 
13/213 
% Error 
. 05 x34 X01 xO 4 x1l 
- 0.38 0.03 0.12 0.19 
- 0.45 - 0.21 1.16 
- 18.42 - 75.0 15.79 
- 0.34 - - 0.21 
- 10.53 - 10.53 
0.34 0.01 
10.53 
Error 
Sb > 0.1% 
Mean Standard 
Deviation 
STD13 29.39 30.71 
_STD213 . 
30.71 3.19 
* greater than 20% error 
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These figures demonstrate the robustness of the analytical 
technique employed in this research. It gave repeatedly 
consistent results, and has good long term reproducibility. 
It can be seen that the mean error for copper is consistently 
under 2%, ie any answer for a sample has a 50% chance of 
being within 2% of the stated value; zinc is consistently 
under 6%. A full set of values is set out in the accompanying 
table 10.14. 
These figures are comparable with accura 
on other analytical programs which 
fluorescence. Brownsward and Pitt 1983 
for a range of nine elements, also 
fluorescence, having Cu, Zn, Sn, Pb, and 
this analytical program. 
cy results obtained 
have used x-ray 
quote 10% accuracy 
analysed by x-ray 
Ni in common with 
M Pollard quotes a coefficient of variation (2er or 67%) for 
1-2% error on copper and zinc, 5-10% for tin and lead, and 
10-20% for the other four elements [Pollard M 19831. 
It can be seen, therefore, that with similar levels of 
accuracy and reproducibility, the results of this program can 
bear comparison with the results obtained by other workers 
in 
this field using similar techniques. 
TABLE 10: 14 
The accuracy of the measurements has been determined for each 
element. 
Copper - mean error of <2%ýof the quoted figures for a range 
50-100% Cu. 
Zinc - mean error of <6% of the quoted figures for a range 
2-40% Zn. I 
Tin - mean error of <10% of the quoted figure for a range 
0.5-12% Sn. 
Lead - mean error of <10% of the quoted figures for a range 
0.5-12% Pb. 
Nickel - mean error of <10% of the quoted figures for a range 
0.1-2.0% Ni. 
Iron - mean errorof <25% of the quoted figures for a range 
0.1-0.5%,, Fe. 
Manganese - mean error of <50% of the quoted figures for a 
range 0.1-0.3% Mn. 
Antimony - mean error of <30% of the quoted figures for a 
range 0.1 to 0.8% Sb. 
Arsenic, silver and gold were only recorded as present in 
small quantities "*" (<2%), present in large quantities 
If-go (2-10%), not present 
All elements in the above list were analysed for. If, no 
percentage figure is recorded for it, then it was not present 
in detectable amounts in the sample. 
MINIMUM DETECTABLE LEVELS 
This can be defined as the minimum amount of an element 
present in a sample, such that the detected emitted secondary 
radiation is sufficiently numerous as to appear distinctively 
above the general background radiation. 
A peak is defined as the area greater than the statistical 
variation of the background. This statistical variation of 
normal background radiation is defined as B., /background, 
This is expressed in terms of intensity. To be expressed in 
terms of the elemental concentration this intensity is 
treated, as are the sample intensities, ie corrected for Mass 
Absorption characteristics, then derived using a proven 
relationship for intensity to concentration obtained from 
standards. 
Though the counting times were identical for each sample, the 
sample's area varied considerably. Narrow pin shafts and 
wires had very small areas of metal available for analysis. 
This meant that much of the area irradiated was the 
methcLcrylate mounting resin, which scattered the radiation 
into the detector, giving high background levels. Thus many 
small samples with small areas of metal exposed had very poor 
(high) minimum detectable levels. 
The minimum detectable levels will obviously vary for each 
sample, but it is felt that this information is largely 
superfluous, therefore, the best and worst Minimum Detectable 
Levels encountered for each set of samples are quoted. 
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The analysis for this project was done in two sections. The 
first was done in September of 1981, involving the samples 
from the sites of Richborough, Catsgore, Chelmsford, and 
Coventry (Whitefriars). During this section the initial 
excitation radiation was generated by a HT supply operating 
at 40kV 0.8ma. 
The second section of analysis was done in March 1983 on 
samples from the sites of Lincoln, Canterbury, Salisbury, 
Whitby, Kempson, Faversham and York. During this section the 
initial excitation radiation was generated by a HT supply 
operating at 40kV 0.3ma. This was due to the instability of 
the HT supply at higher current amperages during this second 
section of analysis. 
This great change in operating conditions obviously resulted 
in a great variation in the amount of radiation given to and 
emitted from the sample, thus considerably altering the 
Minimum Detectable Levels. Two sets of figures, the worst 
and best Minimum Detectable Levels for the first and second 
sections of results show the range of variation in Minimum 
Detectable Levels for the various elements analysed 
for 
during this project - see Table 10.15. 
TABLE 10.15 
J De t. , ýiinimui -jýtablc. Levclý' ol, 'Oie Ele-ments being, Atialysed. 
September 1981 March 1983 
Best % Worst % Best % Worst % 
Cu (D (D (D (D 
Zn 1.52 2.340 1.29 2.640 
Sn 0.19 0.42 0.10 0.93 
Pb 0.08 0.52 0.33 0.48 
Ni 0.03 0.32(0.2)* 0.15 0.38 
Fe ND ND 0.02 0.09 
Mn ND ND 0.01 0.07 
Sb ND ND 0.11 0.94 
* Minimum Detectable Levels this low were encountered 
due to the automatic scaling to 100% done in the 
computer program PRICAL. 
-*' ,-,, -" P- 'T j TL 
I 
. -A 
4- . 
ickground. '*')ýA c'opper peak was so larý,, c chosen'. b, "", I tits were', 
afiected by the cail of the peak,. i-Aving'a fligilly qistorted 
minii-imm, cletectable. In practice, s. ilia , 11 quantities of copper 
haviný, '*"no distortini, effect, would-jjkýp a 'iiiinitiju'm detecLable 
level of 0.05kAn the best c; ises to 0.5' 'in the výorst crises. 
(D The Zinc p'ealý was also affected by I. ther-,. I (JU; torting effect'Of 
the copper peak. Tiiis effect was, Ilowever., -seen in die., unknown 
S, 11111)les later analys isiiiinimuni detectable level sed. therefore th 
is accuraLe. for high ',, copper alloys. 
Chapter 11 
RESULTS 
By Site and by Head Type 
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RESULTS' 
The analytical results obtained by the methods outlined in 
Chapter 10 are herewith assembled and discussed. Mindful of 
the indigestible nature of many earlier series of analyses 
[Junghans et al 1960 and 19681 the analyticl results are not 
considered in a single block. It is indeed highly dubious 
that even the most robust and discriminating of statistical 
packages could sensibly select any groups from the results of 
this thesis. 
The large number of variables in terms of chronological, 
cultural, geographic, as well as elemental, indices 
necessitate some form of primary division. Therefore, the 
analytical results of this thesis are considered in four 
sections where an 'a priori' group (a major variable) is 
selected, and all other variables are considered in relation 
to this. 
i By site 
11 By ead type 
iii By period 
iv By element 
The details of the samples themselves, and the actual 
analytical results are presented as part of the first section 
"By Site". 
Within every section an attempt is made to draw useful 
information from the available data. Invariably, no attempt 
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has been made to statistically test or define, or even test 
the significance of, the group and distributions of elemental 
data since: 
i They are frequently not independent variables. 
The numbers involved are invariably small, making.. 
statistical tests inappropriate or unreliable. 
"It should be realised that in general (though not always) 
estimation is more important than significance testing" 
[Chatfield C 19701. 
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RESULTS: BY SITE. 
The results given in the following sections are quoted 
subject to the Accuracy and Minimum Detectable Level 
statistics quoted in chapter 10 
The analytical results quoted for the following sites have 
been recorded to one decimal place for the sake of brevity, 
the levels of accuracy of the determination making the 
quoting of two or more decimal places inappropriate. 
Arsenic, silver and gold could not be determined 
quantitatively; thus a simple qualitative determination and 
estimate was used: 
N= not analysed for 
= not detected 
= present in small quantityl typically <2% 
= present in large quantity, typically >2% 
(/) = due to small sample areas available for analysis, eg 
due to the effects of corrosion, these results are not very 
reliable, and the minor elements, eg nickel, iron and 
manganese, are certainly not accurate enough for comparative 
purposes. 
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RICHBOROUGH" 
A large number of pins were unearthed in excavations 
conducted in the 1920s and 30s at Richborough Roman fort in 
Kent. 
Recent work on the finds (unpublished) from this series of 
excavations by the staff at HBMC revealed large numbers of 
finds, many poorly documented, which were available,,, for 
analysis. 
A group of 60 objects were selected, all without contexts, 
all apparently Roman, for analysis and inclusion in this 
project. 
The Roman occupation of Richborough lasted from the first 
until well into the fifth century, thus the finds come from 
throughout the Roman period. 
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THE SAMPLES 
Number Description 
R1 Long circular cross section rod .I 
R2 Long tapering shaft, end pointed, circular cross 
section 
R3 Long tapering shaft, point broken off. Top filed to- 
a cone 
R4 Pin - broken; head broken - just base on a neck 
above a tapering shaft 
R5 Pin - broken; head broken - just base on a neck 
above a straight shaft 
ne I%V Pin? - broken; head broken above large collar with- 
shaft beneath 
R7 Long, slightly tapering shaft. Point broken. Top 
filed to a cone 
R8 Long rod, square in cross section, splitting at one 
end 
R9 Shaft - top end broken, straight sided, bottom as a 
point 
R10 Long tapering shaft, circular in cross section - 
pointed 
R11 Long tapering shaft, circular in cross section - 
pointed 
R12 Needle - top of eye broken off 
R13 Needle - top of eye broken off 
R14 Needle - top of eye broken off 
R15 Long straight sided shaft, tip of point 
broken off 
R16 Rod with a polygonal cross section 
R17 A length of thick wire, circular in cross section 
R18 Long, slightly tapering shaft, point broken off 
R19 Short thick tapering shaft - corroded badly 
R20 Narrow strip of sheet metal, thick and narrow at one 
end, thin and wide at the other 
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R21 Long straight sided shaft, top is rust covered, 
pointed 
R22 Short tapering thick shaft - probable brooch pin as 
attachment area 
R23 Brooch pin - extended brooch spring (two coils) tear 
shaped cross section 
R24 Length of thick wire, circular in cross section 
R25 Straight sided shaft (possible needle) pointed, 
circular cross section 
R26 Shaft, expanded in middle with 2 incised grooves, - 
circular cross section 
R27 Bent wire or shaft, circular cross section, grey 
appearance 
R28 Brooch pin, tapering shaft - top forming half the 
first coil of the spring 
R29 Tapering metal rod, with long bulbous end, incised 
spiral groove along it 
R30 Rod, bent, changes from square to circular, cross 
section abruptly 
R31 Shaft length of thick wire - bent to form a hook 
R32 wire, cross section, split or formed from two 
rectangular cross section pieces, hammered together 
R33 Three wires wound spirally together, to 
form 
stick/thick wire 
R34 Three wires wound spirally together 
to form 
stick/thick wire 
R35 Complex chain of interlocking links 
R36 Two wires wound spirally together to 
form a stick or 
wire 
R37 Complex chain of interlocking links 
R38 Pin? Shaft? - circular cross section shaft expanded? 
forming head, marks and facets filed on head 
R39 Wire bent into semi circle; it is corrugated along 
section, with a flattened circular cross section 
R40 Terminal or finial, complex casting from large 
object or furniture 
R41 Terminal. Ball head with collar beneath, atop a 
curving rod stem 
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R42 Nail, with flat-head, polygonal cross section shaft 
tapers, with a broken end, head formed by flattening 
the shaft 
R43 Short, straight -sided shaft, pointed, polygonal 
cross section 
R44 Pinhead, solid flat -topped biconical shaped head 
with spiralling radial grooves. Circular cross 
section shaft 
R45 Pinhead? Large solid spherical head on thick 
polygonal cross section shaft, wrought? 
R46 Pinhead or terminal. Squashed large spherical head 
- nipple on top, collar beneath 
R47 Pinhead, solid shape, comprising an upper hemisphere 
tapering quickly to shaft, in X section 
R48 Pinhead, large solid biconical shaped head, collar 
forming base of head. Circular cross section shaft 
R49 Pinhead, solid shape. Thick mushroom- shaped head 
with incised radial grooves 
R50 Pinhead, solid shape. Spherical head atop a 
circular cross section shaft 
R51 Pinhead, solid shape. Small spherical head atop a 
circular cross section shaft 
R52 Pinhead, solid shape, hemisphere, shaft tapers 
R53 Pinhead, solid shape, squashed spherical head, with 
neck, then circular cross section shaft 
R54 Rivet or tack, wide flat tear-shaped head, polygonal 
cross section shaft, base flattened 
R55 Pinhead, solid shape, slightly distorted spherical 
head, tapers quickly into shaft 
R56 Pinhead, solid shape, slightly distorted spherical 
head, polygonal cross section shaft 
R57 Pinhead, solid shape, slightly squashed 
R58 Pinhead, circular len s shape atop thick circular 
cross section shaft 
R59 Complete nail or tack with thin flat head, short 
tapering shaft 
R60 Nail or tack, wide flat head, originally circular 
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ANALYTICAL RESULTS I 
Number ZCu ZZn ZSn /Pb ZNi XFe ;. lMn /Sb ZAs /Ag /Au 
RB1 99.1 - - 0.7 - N N 
RB2 75.1 5.5 7.1 12.0 0.4 N N 
RB3 68; 5 1.7 16.2 13.0 0.5 N N 
RB4 81.0 17.2 1.2 0.5 0.1 N N 
RB5 81.3 16.7 1.5 0.4 0.2 N N 
RB6 91.3 6.2 2.1 0.5 - N N 
RB7 77.5 3.0 10.1 8.9 0.5 N N 
RB8 87.6 ll. ý - 0.6 0.4 N N-- 
RB9 79.7 15o9 3oO 1.1 0.4 N N-- 
RB10 88.9 9.5 0.5 0.7 0.4 N N-- 
RB11 87.1 7.6 4'. 3 0.7 0.2 N N-- 
RB12 84.8 ll. -8 2'. 3 0.6 0.4 N N-- 
RB13 82.6 5.4 10.0 1.5 0.5 N N- 
RB14 93'. 7 3o7 1.3 0.9 0.4 N N- 
RB15 70'. 8 - 12'. 2 16.4 0.6 N N- 
RB16 90.2 2.2 5.2 2.1 0.4 N N- 
RB17 83.1 4A 10-. 8 1.5 0.5 N N- 
RB18 95.0 - 1.2 3.5 0.4 N N- 
RB19 95.1 - 3.3 1.1 0.5 N N- 
RB20 78.8 10.0 6.6 4.3 0.4 N N- 
RB21 86.5 - lio-O 2.0 0.5 N N- 
RB22 91.8 lo9 5o4 Oo7 0.2 N N- 
RB23 77.0 21.8 0.9 0.3 - N N- 
RB24 83.2 - 13.8 2.4 0.7 N N- 
RB25 83.3 10.9 2.9 2.4 0.5 N N- 
RB26 80.6 - 8.5 10.4 0.5 N N- 
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Number ZCu YZn /Sn /Pb /Ni YFe Ymn ; As .? Sb /Ag /Au 
RB27 87.2 - 11.9 0.5 0.6 N N---- 
RB28 85.8 13.9 - - 0.3 N N---- 
RB29 86.4 7.1 5.6 0.6 0.3 N N---- 
RB30 77.8 2.0 11.4 8.8 0.1 N N---- 
RB31 79.9 11.1 4.7 4.1 0.3 N N---- 
RB32 79.3 14.8 2.4 3.4 0.2 N N---- 
RB33 82.2 - 13.8 3.8 0.2 N N---- 
RB34 83.3 3.3 8.2 5.2 - N N---- 
RB35 91.4 3.1 4.4 1.2 - N N---- 
RB36 77.1 11.6 5.5 5.5 0.3 N N---- 
RB37 93.3 3.7 2.6 0.5 - N N---- 
RB38 80.4 16.3 0.8 2.3 0.2 N N---- 
RB39 99.6 - - - 0.4 N N---- 
RB40 75.5 3.4 8.2 12.9 - N N---- 
RB41 81.4 2.3 13.0 3.1 0.2 N N---- 
RB42 85.2 111.4 2.2 1.1 0.1 N N---- 
RB43 83.0 - 14.7 1.7 0.7 N N---- 
RB44 87.1 - 11.6 1.1 0.2 N N---- 
RB45 82.7 1.5 4.7 11.1 - N N---- 
RB46 81.8 3.9 8.3 6.0 - N N---- 
RB47 76.0 2.5 7.3 14.2 0.1 N N---- 
RB48 80.5 1.5 12.6 5.4 0.1 N N---- 
RB49 82.5 15.3 1.8 0.4 - N N---- 
RB50 83.2 13.3 2.3 1.2 - N N---- 
RB51 99.7 - 0.3 - 0.1 N N---- 
RB52 83.5 13.7 2.3 0.5 - N N---- 
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Number ZCu ZZn 7Sn /Pb /Ni /Fe /Mn ZAs /Sb /Ag /Au 
RB53 75.7 24.2 - 0.1 N N---- 
RB54 99.8 - - - 0.3 N N---- 
RB55 80.9 18.1 0.4 0.4 0.2 N N- 
.7- 
RB56 80.7 15.8 3.1 0.2 0.2 N N---- 
RB57 99.8 - - - 0.2 N N---- 
RB58 79.7 - 17.0 2.9 0.4 N N-7- 
RB59 100.0 - - - - N N-- 
RB60 84.8 12.1, 1.7 0.9 0.5 N N- 
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DISCUSSION 
The large variations in alloy compositions observed could be 
related to the varied forms of object. When a single group 
of object types, however, has its compositions compared, eg 
all long narrow shafts, or all large solid shape pinheads, 
then similar great variations in composition are encountered. 
Indeed, no specific object type appears to have a regular, or 
uniform, alloy composition. This suggests that "any" alloy 
was used to make virtually any object, presumably whatever 
alloy was most readily to hand was used. 
All of this material is of Roman date Ust to Sth Century), 
however, this date bracket has already been shown to contain 
several identifiable chemical groups of metal alloys and 
allied object types [Craddock 19751 and [Bayley & Butcher 
19801. These objects and compositionally defined groups can 
be referred to as metalworking traditions (ie a belief or 
tradition in working a given metal into a given form). 
As virtually no discrimination into groups is apparent 
from 
these results it can be suggested: 
That any metalworking traditions are probably 
too 
localised in both time, space and object type to be 
detected in this broad sweep of analytical data, and 
that further analytical programme5 oýaspecific nature on 
well dated and contexted Roman material must be carried 
out in order to understand the complex nature of the 
metalwork of this period. 
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Comparison of the only other large set (>50 objects) of 
published analytical data for the Roman period, largely from 
this country, Craddock 1975, shows many similarities with the 
Richborough results - achieving a similar spread of results 
and similar ranges of zinc composition. Craddock has many 
more high lead and high tin values than Richborough, but his 
analyses included many clearly cast objects, eg furniture and 
small statuary, where lead contents could be higher (and 
indeed Craddock demonstrated high Pb contents should be 
expected in Lkftejilded statuary and other large castings). In 
view of this the Richborough data can be seen to contain 
largely objects which would have been made of wrought 
manufacture - thus lower lead - and higher tin content. if 
one examines the Richborough data in the light of this, a 
series of 11 high tin, >10%, and low lead <6% (most <4%) 
objects, RB13, RB17, RB21, RB24, RB27, RB33, RB41, RB43, 
RB44, RB48 and RB48 emerge as a passable discrete group of 
objects. Four of this group have low zinc contents-, and the 
others none at all, It is conceivable that this group 
represents a possible low leaded bronze metal working 
tradition. As it is not object specific it may be created 
by 
necessity of alloy form rather than connected with 
any 
identifiable separate cultural entity. 
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CATSGORE 
A small group of objects from excavations at the Roman villa 
of Catsgore were examined, and a series of six objects chosen 
for analysis. 
/ 
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SAMPLES 
SF Description 
Number 
263 Wire, tapers along length with irregular cross 
section - being worked? 
269 Shaft (2 pieces) slight taper, 'Point and top broken 
off, square in cross section 
306 Shaft - top flattened - head? - probably reused, 
polygonal cross section 
326 Brooch pin, tcp flattened, attachment area, in two 
pieces 
365 Pinhead, corroded. Small spherical head o n flat 
ring, shaft circular in cross section, broken 
514 Shaft, top broken, point intact, square in cross 
section 
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ANALYTICAL RESULTS 
SF No 
263 
269 
306 
326 
365 
514 
zcu 
78.1 
81.6 
73.3 
74.0 
81.0 
76.4 
ZZn 7sn 7Pb /Ni 
2.7 12.0 6.8 0.4 
(D 
- 16.0 2.0 0.5 
0 
' 3.2 14.5 8.6 0 .5 
() 
- 22.5 3.0 0.5 
- 11.8 6.8 0.4 
(D 
1.8 19.5 2.1 0.3 
/Fe ; /Mn /Sb -ý'As /Ag /Au 
NN 
NN 
NN 
NN 
NN 
NN 
Q The', uin contents are __ above those seen in the standards, and 
thus shouldý be treated witi-1, caution. -The 
Iliullesttin contents- 
uIll, -indicate the object was compose: f, 'qf "-dle 01 10Y 5pecill 
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DISCUSSION 
All the six items analysed are basically leaded bronzes. 
Though the object forms are variable, the alloy composition 
remains fairly constant. These alloys, though not unusual 
from a Roman context, it is unusual to find such high tin 
bronzes. These tin percentages are certainly larger than 
have been met for this type of object before eg analyses by 
Craddock 1975, or compared with the material from 
Richborough. 
It can be presumed that it was: 
The westerly location of the site, and therefore its 
nearness to tin mining (Cornwall) and lead mining 
(Mendips) areas which have caused easy access to high 
tin and lead bronze, which is therefore present in 
unusually large quantity in the common alloy metal used 
for all general wanufactures in the area. This supports 
the idea advanced for the Richborough material of pins 
from the Roman period being formed from the most readily 
available copper alloy regardless of its type 
Work by Bayley and Butcher [Bayley J& Butcher S 
19801 
on the composition of Roman brooches has suggested 
tý, a 
cov%%! s'c4-L- , use of leaded bronze 
ti,, t Roman 
period. 
Thus the later Roman date 
postulated for the bulk of activity on this site matches 
with the compositions of leaded bronze. 
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BRITISH MUSEUM 
A large group of pins were recovered from the excavation of 
Whitby Abbey by Peers and Radford [Peers and Radford 19431. 
These Middle Saxon, Medieval and Post Medieval pins are 
stored in the British Museum. The British Museum permitted 
the pins from Whitby plus four pins from Anglo -Saxon graves 
(from the cemeteries at Faversham and Kempston) to be 
- examined. 
i 
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SAMPLES 
SITE CODE SF DESCRIPTION DATE 
NUMBER 
Whitby WIT 25 Broken wound wire headed pin, P., Med 
Abbey "A" type head, 
WIT 24 Broken wound wire headed pin, P. Med 
"Al" type head 
WIT 23 Complete wound wire headed P., Med 
pin, "C" type head 
WIT 22 Broken wound wire headed pin, P. Med 
"B" type head 
WIT 21 Complete wound wire headed P.,, Med 
pin, "Bl" type head 
WIT 20 Complete wound wire headed P. Med 
pin, "B" type head 
W154-200 xxv Solid "Squashed" sphere Sax 
headed pin 
vii Solid headed pin, rounded Sax 
inverted cone shape 
ii Complete pin, small solid Sax 
head, inverted cone shape 
i Complete pin, facetted Sax 
cuboid head 
Whitby WIT 19 Complete wound wire headed P. Med 
Abbey pin, "Bl" type head 
to WIT 18 Complete pin, with a solid p. Med 
head stuck on 
WIT 17 Complete pin, with a solid P. Med 
head stuck on 
WIT 16 Complete pin, with a solid p. Med 
head stuck on 
WIT 15 Complete pin, with a solid P. Med 
head stuck on 
WIT 14 Complete pin, with a solid P. Med 
head stuck on 
W746 WIT 13 Broken pin, solid forged head Sax 
WIT 12 Broken pin, solid tear shaped Sax 
head 
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W746 WIT 9 Broken pin, solid spherical Sax 
ered head 
WIT 7 Broken pin, facetted cuboid Sax 
head 
WIT 6 Broken pin, facetted cuboid Sax 
head with ring and dot 
WIT 5 Broken pin, facetted cuboid Sax 
head with ring and dot 
WIT 4 Broken pin, part of a flat Sax 
headed pin 
WIT 3 Broken pin, flat circular Sax 
shaped head 
WIT 2 Broken pin, flat spatula Sax 
head 
WIT 1 Broken pin, flat rectangular Sax 
shaped head with ring and dot 
WIT 8 Broken pin, solid diamond Sax 
shaped head 
WIT 10 Broken pin, solid chamfered Sax 
spherical head 
WIT 11 Broken pin, solid chamfered Sax 
spherical head with ring 
and dot 
W330 330 Broken pin, flat head with Sax 
ring and dot 
W201 201 Broken pin, solid spherical Sax 
head 
W372 372 Broken pin, inward spiralled Sax 
head 
W202 202 Broken pin, solid spherical Sax 
head 
Faversham FAV 2 Broken pin shaft, slightly Sax 
1135 70 flattened 
Faversham FAV 3 Broken pin shaft, end bent Sax 
1135 70 
Faversham FAV 1 Thick broken shaft Sax 
1135 70 
Kempston KEM 0 Broken pin shaft Sax 
192.6.24- 
153 
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ANALYTICAL RESULTS 
Nunber /Cu /Zn YSn ZPb ZNi XFe /Mn ZSb /As /Ag YAu 
WIT 25 71.8 22.5 1.5 2.9 0.6 0.5 0.2 ---- 
WIT 24(/) 77.8 19.3 - 1.4 0.6 0.7 0.2 ---- 
WIT 23 69.1 30.0 - - 0.3 0.4 0.2 -- 
WIT 22 80.1 19.5 - - 0.3 0.1 0.1 -- 
WIT 21(/) 76.5 18.8 - 2.0 0.8 1.9 0.1 -- 
WIT 20 71.4 25.1 - 2.5 0.5 0.5 0.1 -- 
xxv 69.8 2.0 21.70 5.5 0.3 0.8 - - 
vii 72.6 19.9 1.0 6.3 - 0.2 - - 
ii 82.9 - 12.5 4.0 0.2 0.4 - -- 
i 88.1 - 9.8 1.3 0.4 0.4 - -- 
WIT 19 77.2 21.3 - - 0.5 0.8 0.2 -- 
WIT 18 90.2 5.3 1.4 1.7 0.5 0.8 0.1 -- 
WIT 17(/) 83.7 6.4 4.5 3.1 0.3 1.2 0.3 -- 
WIT 16(/) 81.8 11.2 4.9 1.2 0.3 0.6 0.1 -- 
WIT 15 85.3 10.7 2.1 - 0.5 A. 2 0.2 -- 
WIT 14 81.6 9.2 5.3 3.1 0.4 0.4 0.2 -- 
WIT 13 Solid iron pinhead 
WIT 12 70.5 20.2 0.3 1.8 - 0.2 - - 
WIT 9 82.3 - 14.1 
G) 
3.5 0.1 - - - 
WIT 7 79.7 19.1 0.7 0.6 - - - - 
WIT 6 82.2 3.4 10.2 4.1 0.1 0.1 - - 
WIT 5 78.1 3.3 15.40 3.1 0.1 - - - 
WIT 4 84.2 - 12.9 2.1 0.2 0.5 0.1 - 
WIT 3 80.5 2.2 13.1 3.3 0.3 0.5 0.1 - 
Q 
WIT 2(/) 74.5 - 21.4 3.5 0.4 0.1 - - 
WIT 1 88.1 9.1 2.4 0.2 0.2 - - 
I 
389 
Number YCU /zn XSn ZPb XNi /Fe XMn ZSb /As XAg YAu 
WIT 8 79.8 ý 16.9 2.4 0.7 0.2 
(D WIT 10 75.5 - 19.9 4.0 0.5 0.1 
WIT 11 75.9 21.3 - 2.3 0.5- 
* 330 90.7 - 7.4 1.7 0.2 - 
* 201 77.3 18.9 1.3 2.3 - 0.3 
* 372 79.1 - 16.90 3.1 0.2 0.6 0.1 
* 202 89.7 1.0 6.2, 2.8 0.2 0.1 - 
(estimate) 
(W 202 67.2 1.0 6.0 2.5 0.2 0.1 - 18.0 5.0) 
FAV 2 71.0 3.2 14.30 . 5.0 0.3 0.2 0.1 
FAV 3 79.0 6.0 14.00 0.6 0.4 0.1 
FAV 1 78.9 6.3 12.9 1.0 0.2 0.7 
KEM 1 88.7 10.3 0.3 0.7 
tin contents are above the'calibraLion ran"Ve and,, sho'dId-l" 
be'ý treated with caution. 
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DISCUSSION 
The Pins from Whitby appear on typological grounds to be 
dated from the Saxon and post medieval periods. In general 
the Saxon material can be divided into two groups. 
A leaded bronze with tin content >6%, which always has 
low, <4%, zinc content and low variable Pb, 0-7% 
A low leaded brass with a zinc content >16%, which 
always has a low, <3%, tin content, also with low 
variable Pb, 0-6%. 
See Graph 11: 1 
It is interesting to note these two types of metal - clearly 
represented on the same site at the same time - are both 
being used for the same purpose, pin manufacture. This 
suggests that no one special alloy was being used for pin 
manufacture, but rather that there were two metal supplies 
operating (and seemingly not mixing). This picture is very 
similar to the one presented for the copper alloys found in 
the Sutton Hoo treasure [Oddy A 19831. 
The Saxon dated pins have several examples of copper alloys 
containing Arsenic. These are the Group II alloys 
which contain traces of As. The significant presence of this 
trace element - which is often seen as an impurity in copper 
ores - apparently confirms the idea of the two different 
alloy types. It further suggests the two metal types come 
from very different areas, with different copper deposits. 
The post (or late) medieval dated material has a single type 
GRAPH 11: 1 - PINS FROM THE BRITISH MUSEUM: 
ZINC % VS. TIN %I 
35 
31.5 
W= Wound Wire Headed Pins 
B= Beret Headed Pins 
28 1= Pins from Kempston and Faversham 
X= Pins from Whitby 
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of alloy composition, principally a low leaded-brass with'ýa 
variable zinc content, 5-30%, but always with -a low'"tin 
content, <6%. 
There are, however, two typologically very different, pins 
represented in this assemblage . 11 - 
Those pins with a head made of a solid drop of metal, 
with a hole in it, into which was stuck the shaft, the 
"Beret" head pins. 
The head made from a twistýof wire stuck or stamped onto 
the head of the shaft, the wound wire headed, pins [Caple 
Warren 19831. -1.1.1 
See Graph 11: 1 
All the (i) type pins have lower zinc, <12%, and- some tin, 
>1%, whilst the wound wire headed pins (group. (ii)) have high 
zinc contents, >18%, and low tin contents, <1.5%. ' 
Beret headed pins normally come from contexts dated pre-1400, 
compared with the very widely dated wound wire headed pins 
1300-1900. The wound wire headed pin analyses agree well 
with much larger suites of analyses of such pins, eg 
from 
Chelmsford [Caple & Warren 19831. 
The four other pins analysed were all of Saxon date: one 
from 
Kempston and three from Faversham, both being Anglo Saxon 
cemetery sites. These four analyses are very similar to the 
Whitby Saxon group I composition, with high tin contents, 
10-15%, and lowish zinc contents, 0.0% - an interesting 
continuity of the composition, given the different 
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chronological, cultural, economic and geographic distance 
between the Whitby finds and those from early Anglo Saxon 
cemeteri(psE) 
The Whit8V, pins of Saxon date also contained traces 'of 
Silver, WIT 6, WIT 11 and 201. This appears uncommon, with 
no other pins from this series of analyses having traces of 
silver. Other analysts have found quantities of silver in 
Dark Age Objects EU Nasman 1973). Silver may be present in 
the metal either from an addition of scrap metal containing 
silver before casting, or due to the use of a high silver 
copper ore, during this period. The pin 202 contained very 
large quantities of both silver and gold. This is far more 
unusual, and indeed it is largely composed of a copper, 
silver alloy - see estimate 202. This metal is more like a 
debased coinage composition than an alloy associated with 
jewelry manufacture. Clearly an unusual pin head, which is a 
unique object, I know of no other comparable alloy to this. 
(D 'hic hith tin bronzes OIC/0"were"'not e-tisily worked, ýpnd, were, 
probablý' cast into sliape. 
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YORK 
The excavation at Coppergate in York produced a large number 
of pins from a variety of 9th-15th centu"ry'"contexts. This 
provided a series of unusually accurately dated, Dark'-'Age and 
Early Medieval analyses. The pins and wires in this study 
were part of a large assemblage of pins, wires 'and needles 
from Coppergate, which are reported in detail elsewhere 
(Caple forthcoming]. 
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SAMPLES- 
SF No 
6139 79.7 IV 6789 10th-12th century 
Large solid ball he ad (cast) with collar. Broken. 
8509 80.7 1 25391 10th century 
Short rod, broken at both ends, slightly flattened. 
3887 78.7 1 14297 10th century 
A complete pin shaft. Oval in cross section. 
11367 80.7 11 31225 9th-10th century 
A broken pin shaft, with incised rings on top. (Spiral 
head? ) 
5667 79.7 IV 19844 12th-13th century 
A broken pin shaft (possible brooch pin) 
6107 79.7 IV 6789 10th-12th century 
A broken pin shaft (possible brooch pin) bent 
2726 78.7 V 10977 12th-15th century 
A long length of thin wire, striations on length 
8002 80.7 11 23983 10th century 
A length of wire, rectangular in cross section 
10947 80.7 11 31061 pre 10th century 
A broken shaft, and splitting into two 
10135 80.7 11 26977 9th-10th century 
A curved length of thick wire, sub-rounded cross 
section 
2636 78.7 10189 13th-15th century 
A length of wire, round cross section 
6615 79.7 V 19285 l0th-llth century 
A broken shaft, spiral incised on shaft 
2529 78.7 V 10280 13th-15th century 
A broken shaft, circular in cross section 
6543 79.7 11 20162 l0th-llth century 
A broken point or shaft (possible brooch pin) 
8872 80.7 11 26651 10th century 
A short length of wire, square in cross section 
12329 81.7 11 31706 9th-10th century 
An awl or point, point at one end, chisel end at other 
1877 77.7 IV 5415 13th-15th century 
A broken shaft, probably a needle 
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5124 76.7 11 13902 12th century 
A length of wire, circular to 'U' shaped cross, section 
2869 78.7 11 11670 13th-15th century 
A broken shaft, bent into IUI shape 
2589 78.7 V 10560 l2th-13th century 
A, broken shaft (long and thin) 
12151 81.7 1 30863 9th century 
A broken shaft (large) 
3542 78.7 11 13568,12th century 
A complete shaft (long and thin) 
12366 81.7 1 30941 pre 10th century 
A length of wire bent into a loop 
3311 78.711 11818 12th-14th century 
A length of wire, circular cross section 
12346 81 * TI ý30936 9th century A broken shaft, circular cross section 
2563 78.7 V 10511 12th-13th century 
A complete pin shaft, long and thin 
4419 79.7 V 16605 10th century 
A long length of thin bent wire 
648 76.7 IV 4633 13th-15th century 
A complete pin shaft 
6749 79.7 IV 6932 10th-llth century 
A broken shaft, the tapering point only left 
5397 79.7 11 1833 12th-13th century 
A complete pin shaft 
12054 81.7 11 31722 pre 10th century 
A bent pin shaft, broken 
8890 80.7 11 20411 10th century 
A distorted spiral headed pin 
2522 78.7 V 10096 l4th-16th century 
A complete pin with a stuck on cap head 
11310 80.7 u/s 
A complete pin, large solid ball head (cast) 
9742 80.7 1 25759 10th century 
A flat spatula headed pin, top of head broken 
863 78.7 V 9030 13th-15th century 
A complete pin, spherical head cast onto a wire shaft 
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2728 78.7 V 10977 12th-15th century 
A complete pin, circular lens head of one foil 
hemisphere and fitting 
11395 79.7 11 15298 12th-15th century 
A complete wound wire headed pin of IB' type head 
9276 80.7 V 19633 9th century 
A broken pin, with a solid six-sided section head 
(cast) 
2339 77.7 IV 6054 10th-15th century 
A flat headed pin, top of head broken 
2880 78.7 11 11763 12th-15th century 
A complete pin with a stuck on cap head 
773 77.7 IV 4591 13th-15th century 
A complete pin, with a stuck on cap head 
12686 81.7 11 26423 ý9th-10th century 
A complete pin with a forged domed head 
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ANALYTICAL RESULTS' 
Number ICU /Zn /Sn vPb /Ni YFe ; Mn /Sb /As /Ag /Au 
648 77.8 15.3 3.2 2.0 0.4 1.1 0.1 ---- 
773 82.7 12.5 3.0 - 0.3 1.3 0.2 ---- 
863 85.2 - 8.7 3.5 0.9 1.8 ----- 
1877 82.7 12.3 0.8 3.7 0.2 0.3 0.1 ---- 
2339 75.6 - 12.6 9.6 0.7 1.4 0.1 ---- 
2522 79.1 12.6 1.4 5.1 1.3 0.4 ----- 
2529 81.6 13.9 - 3.0 0.5 0.9 0.2 ---- 
2563 82.2 14.8 - 2.0 0.4 0.6 0.1 ---- 
2589 75.5 18.8 3.3 1.8 0.4 0.3 ----- 
2636 78.7 4.8 5.2 5.9 1.3 3.8 0.2 ---- 
2726(/) 96.3 1.7 0.7 0.8 0.1 - - 0.3 --- 
2728(/) 92.9 - 3.2 2.1 0.5 0.7 
0.5 ---- 
2869 90.9 3.4 2.4 2.2 0.3 0.7 ----- 
2880 81.0 13.2 - 3.3 1.1 1.1 
0.2 ---- 
3311 88.7 5.8 1.5 2.6 0.3 1.2 0.1 ---- 
3542 94.9 1.8 0.8 1.9 0.3 0.3 ----- 
3887 80.7 14.8 - 3.8 0.3 0.5 ---- 
4419 89.2 5.8 3.4 - 0.6 0.9 0.2 --- 
5124 94.5 3.2 1.3 0.7 0.3 0.2 ---- 
5397 94.3 3.2 1.3 0.7 0.3 0.2 ---- 
5667 73.9 17.3 4.3 2.9 0.4 1.1 0.1 --- 
6107 81.5 - 10.3 7.5 0.4 0.4 ---- 
6139 82.5 15.4 0.8 1.0 0.1 0.3 ---- 
6543 84.1 1.8 11.3 1.9 0(3 0.7 ---- 
6615 78.6 5.2 10.5 4.5 0.4 0.0 0.1 --- 
6749 74.4 20.5 0.6 4.0 0.2 - -- 
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Number ZCU /Zn /Sn XPb XNi /Fe /Mn /Sb XAs /Ag YAu 
8002 80.6 16.5 - 5.9 0.5 2.3 OA 
8509 76.8 10.6 2.3 10.0 0.2 -0.2 
8872 80.0 16.9 0.5 2.2 0.2 0.4 
8890 85.9 - 10.0 2.6 0.3 1.2 0.1, -, 
9276 76.8 20.9 0.7 0.9 0.3 0.3:, 
9742 86.1 - 8.2 4.7 -0.3 0.7 ý0.1- 
10135 92.7 3.2 2.9 1.6 0.2 0.4 
10942 74.0 20.3 0.8 4.2 0.5 0.2 
11310 87.0 - 7.1 5.4 0.4 0.2 0.1 
11367 86.3 - 10.1 2.5 0.2 0.7 - 
11395(/) 76.5 22.2 - - 0.4 0.9 - 
12054 91.5 - 6.8 1.1 0.4 0.2 - 
12151 81.9 15.3 2.2 - 0.2 0.4 - 
12329 83.7 15.8 - - 0.2 0.3 0.1 
12346 90.3 - 7.9 1.5 0.3 - - 
12366 86.7 8.6 3.6 - 0.3 0.8 0.1 
12686 80.7 4.3 10.1 3.7 0.1 1.0 0.1 
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DISCUSSION 
These 43 analyses are spread over five to six hundred years 
and cover a wide range of object forms. It is not surprising, 
therefore, to see a great range of analytical compositions. 
The site has been found not to have a continuous level of 
occupation, but rather two periods of activity: an earlier one 
corresponding roughly to the Anglo-Scandinavian culture (pre 
1100 AD), and a later one, corresponding to an English 
medieval culture (post 1100 AD). Dividing the analytical 
results into these two 'a priori' groups revealed interesting 
differences between and within the groups. 
The analysis of objects coming from contexts dated pre 1100 AD 
had an uneven distribution with regard to their zinc and tin 
concentrations, see Graph 11: 2, noting particularly: 
A group of analyses based around a 6-11% tin. This metal 
is clearly a bronze or leaded bronze. Several examples 
with no zinc present may represent ii freshly suppliedalloy. 
A group of analyses based around a 14-23% zinc brass with 
little (0%) or no tin present. This metal is a brass. 
The analyses which are not members of the groupsr ie have 
low 
zinc <14% and low tin <6%, represent the more general alloy 
composition, presumably a mixture of the two specific alloys 
, and/or some scrap metal. 
The non-random spread of alloy 
compositions with the discernible brass and bronze alloy 
compositions, has been noted previously in other sets of Dark 
Age analyses [Oddy WA 19831. In that series of analyses, 
alloys of brass and leaded bronze (often with a small zinc 
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addition) with few intermediate compositions were encountered 
on a series of Late Celtic hanging bowls. The two distinct 
metal types might be explained as the utilization of products 
of two separate metalwork supplies or traditions: one based on 
a brass, the other on leaded bronze. The absence of many 
intermediate compositions may indicate the limited extent of 
mixing of the two metal types. The separation of the two 
metal supplies must presumably stem from differences in 
geography, time, culture, technological know how, class, etc. 
It is interesting to note that some pins appear to be made 
from only one of the metal types, eg the spiral headed pins 
are leaded bronzes, the metal defined in Oddy's-. "Celtic" 
tradition, though the pins of this type come mainly from Saxon 
contexts [Hawkes 19731. other pin head types are made of 
metals from both metal traditions, eg ball headed pins. These 
examples clearly suggest that two, metalworking traditions 
cannot be associated exclusively with a series of object types 
or existingly defined material cultures. 
The analyses of the pins, wire, shafts etc., from the layers 
dated post 1100 AD have a very variable zinc content 0-20%, 
and a low tin content usually <5% (see Graph 11: 3). Again the 
distribution is not even, with these results being visually 
divisible into: 
iA low zinc <6% group 
ii A high zinc >12% group 
The analyses in these groups also have low levels of lead and 
tin. The absence of analyses with high tin contents suggest 
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that tin bronzes (leaded or pure) were no longer usually used 
for pin, shaft or wire manufacture. The zinc distribution, 
however, reflects the occurrence of., two, types of -copper 
alloys. 
I 
The composition of the high zinc group (brasses) is very 
similar to that which has been noted previously for objects of 
sheet metal occurring from high medieval contexts [Caple 1985, 
and Cameron 19741. The copper alloys so far analysed from 
this period clearly show that there was over this period an 
increasing use of brass, which has an increasingly consistent 
high zinc content and a declining tin content. This may, 
perhaps, be seen as an increased use of the earlier period 
"group i" alloy, for these particular types of objects. The 
wound wire headed pin 11395 has a Jresý% brass composition. 
This is comparable with the other wound wire headed pins, 
often of later date, which have already been analysed 
[Caple 
1983, and Caple & Warren 19831, and is clearly related 
to 
these later pins, rather than the other high medieval 
dated 
finds. 
The composition of the low zinc groups, metals which 
are 
basically coppers, is less typical of this period. 
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CANTERBURY 
Excavations at a, number of sites in Canterbury have produced 
a large number of pins- from, Dark Age to Post Medieval 
contexts. A selection of these pins, mainly from the 
Medieval period, were made availab146ý'for an , ýlysis. 
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, SAMPLES, 
I 
SITE CODE SF DESCRIPTION DATES 
NUMBER 
STMS '79 1428 Complete pin shaft, collar of 1800 - 1109 unknown black subst ance? 1900 
CBR 180, ill Broken pin,, unknown corroded 1600 - 155 head 1900 
MY 179 67 Complete wound wire headed pin 1600 - 53 "C" type head 1700 
PPH Solar 114 Complete pin shaft, late 
77 1300 
PPH Solar 12 Complete wound wire headed 1800 - 
SA pin, "C" type head 1900 
M. 111 179 362 Complete wound wire headed 1200 - 
130 pin, "B" type head 1400 
M 111 179 363 Complete wound wire headed 1200-- 
130 pin, "B" type head 1400 
M 111 179 209 Complete wound wire headed 1400 - 
96 pin, "C" type head 1600 
M. 111 179 164 Complete wound wire headed 1400 - 
96 pin, "B" type head 1600 
M IV 180 73 8 Complete pin with a solid 1200 - 
262 78 , head stuck on 1400 
STMS 178 196 Broken wound wire headed pin, 1500 - 
273 uncertain type head 18no 
CBR 181 134 Broken-wound wire headed pin, 1300 - 
IV 208 "B" type head 1400 
CBR 181 281 Short length of wire 1300+ 
IV 366 
DJ 181 13 Complete wound wire headed 1700 
11 pin, "B" type head 
CBR 181 629 complete pin with a forged 1000 - 
IV 533 solid head? 1300 
CBR 171 638 complete wound wire headed 1000 - 
IV 480 pin, "B" type head 1300 
M. Ave 181 108 Complete wound wire headed 1600 - 
55 pin, "Al" type head 1700 
404 
STMS '79 1013 Complete pin with a solid ? 
B 50 head stu ck on 
M 111 179 91 Broken w ound wire headed 1800 - 2 pin, "C" type head 1980 
M IV 180 619 Broken w ound wire headed 1400 - 90 pin, "B" type head 1600 
M IV 180 550 Complete wound wire headed 1200 - 30 pin, "C" type head 1400 
M IV 180 518 Complete wound wire headed 1200 - 138 pin, "B" type head 1400 
m 111 180 545 Complete wound wire headed 1200 - 
152 22 pin, "Al" type head 1800 
M IV 180 85 complete wound wire headed 1800 - 
4 pin, "C" type head 1980 
M 111 179 97 Complete wound wire headed 1200 - 
6 pin, "C" type head 1400 
CBR 181 293 comt)lete pin with a solid 1200+ 
IV 374 head stuck on 
M 111 180 1156 Complete wound wire headed 1100 
242 pin, "Bl" type head 
M 111 179 1 Complete wound wire headed ? 
U/S pin, "B" type head 
M IV 180 616 Complete pin with a solid 1200 
185 head stuck on 1800 
m IV 180 1662 Complete wound wire headed 1100 
246 pin, "Bl" type head 
M IV 180 732 Complete wound wire headed 1500 - 
245 pin, "C" type head 1800 
M IV 180 562 Complete wound wire headed 1800 - 
8 pin, "B" type head 
1900 
M IV 180 584 Complete wound wire headed 1400 - 
90 pin, "B" type head 1600 
M IV 180 727 Complete wound wire headed 1200 - 
262 pin, "C" type head 1400 
M IV 180 728 Complete wound wire headed 1200 - 
262 pin, "C" type head 1400 
MY '79 ill Complete wound wire headed 1600 
60 pin, "B" type head 1700 
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MY '79 159 Broken wound, wire, headed 1100 - 120 pin, "B" type head 1300 
16W6 178 7 Complete wound wire headed 1800 - 8 pin, "B" type head ý 1900 
CBR '81 412 Complete wound wire headed 1500 - 361 pin, "B" type head 1900 
M IV 180 400 Broken pin with a solid head 1200 - 262 stuck on 1300 
M IV 180 435 A', short length of wire 1400 - 
90 1600 
M 111 '79 98 Complete wound wire headed 1400 - 
31A pin, "Al" type head 1600 
M. 111 179 144 Complete wound wire headed 1400 - 
47 pin, "C" type head 1600 
m 111 180 1129 Complete pin, unknown 1200 - 
221 corroded head 1400 
CBR 181 628 Complete wound wire headed 1500 - 
IV 484 pin, "B" type head 1900 
NS 177 39 Complete wound wire headed 1500 - 
2 pin, "B" type head 1900 
CBR 180 97 Complete wound wire headed 1500 - 
IV 155 pin, "B" type head 1900 
PPH Solar 174 i Complete wound wire headed late 
171 77 pin, "B" type head 1300 
DJ 181 118 Broken pin with a spherical 1700 
45 head -a single turn of D 
section wire, 1W type 
headed pin 
CBR 181 274 Complete pin with a solid 1300 
IV 241 head stuck on 1400 
CBR 181 285 A complete pin shaft 1300+ 
IV 360 
PPH Solar 174 ii complete wound wire headed late 
171 77 pin, "B" type head 1300 
CBR 181 386 Broken needle or brooch pin 1500 
IV 409 1900 
MY 179 240 Complete pin - "upset" headed 1800 
4 pin? 1900 
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PPH Solar 140 Complete wound wire headed late 
77 pin, "C" type head 1300 
M IV 180 282 Complete wound wire headed 1500 
77 pin, in hemisphere shape 1800 
M. Ave 181 88 Complete wound wire headed 1300 
1 64 pin, "C" type head 
M. Ave 181 62 Complete wound wire headed 1300- 
43A pin, "A3" type head 1500 
DJ 181 124 Complete pin, with a spherical 1700 
9 head, a single turn of D 
section wire, 'KI t ype 
headed pin 
NS 177 134 Complete pin, head of unknown 1100 
112 black substance 
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ANALYTICAL RESULTS 
SF No /Cu /Zn XSn /Pb /Ni /Fe /Mn /Sb /As /Ag /Au 
1428 66 .8 31.5 1.2 - 0.2 0.3 
ill 73.9 20.1 2.1 1.4 0.4 1.9 0.2 
67 69.3 27.5 - 2.3 0.3 0.5 0.1 
114 70.9 27.4 - 1.3 . 0.3 0.1 0.1 
12(/) 69.4 27.5 - 2.7 0.2 0.3 
362 76.1 23.2 - - 0.3 0.5 - 
363 72.5 26.8 - - 0.3 0.4 0.1 
209(/) 68.8 27.1 - 2.8 0.6 0.7 0.1 
164 83.8 13.3 1.0 - 1.5 0.3 0.1 
738 79.7 17.2 - 1.6 0.3 1.1 0.1 
196 65.6 30.8 - 1.5 0.6 1.4 0.1 
134 66.4 28.7 - 3.2 0.4 1.2 . 
0.1 
281 81.0 16.7 - - 0.3 1.9 0 
13 73.6 24.3 - 1.5 0.5 0.2 - 
629(/) 77.5 6.8 9.4 2.2 0.4 3.4 0.3 
638(/) 74.1 12.4 7.6 - 0.5 5.0 0.4 
108 78.5 19.3 - - 0.5 1.6 0.2 
1013 84.6 6.6 5.7 2.1 0.3 0.6 0.1 
91 68.7 30.2 - - 0.4 0.7 0.1 
619 70.9 22.4 2.1 3.5 0.3 0.6 0.2 
550(/) 70.5 26.0 - - 0.7 2.6 0.3 
518 80.0 19.6 - - 0.2 0.2 - 
545 77.4 20.6 0.7 1.1 0.1 
85 81.4 15.5 - 1.9 0.3 0.9 0.1 ---- 
97 66.2 29.1 - 3.5 0.5 0.6 0.1 ---- 
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SF No. Xcu /Zn /Sn /Pb 44i /Fe /Mn /Sb /As /Ag /Au 
293 81.4 9.5 4.1 3.3 0.4 0.2 0.2 ---- 
1156 74.4 22.4 - 2.3- 0.2 0.7 0.1 ---- 
1 76.0 22.3 - - 0.5 1.2 
616 83.7 9.7 4.9 - 0.6 0.9 0.2 ---- 
1662 78.6 15.8 2.1 1.8 0.3 1.4 0.1 ---- 
732 65.4 29.5 - 3.2 0.4 1.4 0.2 ---- 
562 69.5 24.5 - 4.2 0.8 0.8 0.3 ---- 
584(/) 79.1 18.3 - - 0.6 1.7 0.4 ---- 
727 65.4 28.7 2.1 2.0 0.6 1.1 0.2 ---- 
728 65.7 28.8 - 4.1 0.6 0.7 0.2 -- 
ill 67.8 27.2 0.7 3.3 0.3 0.7 --- 
159(/) 74.7 22.2 - - 1.0 1.7 0.5 -- 
7 73.0 22.0 - 3.4 0.4 0.9 0.2 -- 
412 78.5 20.9 - - 0.2 0.4 0.1 -- 
400 76.6 7.4 5.3 8.4 0.5 1.5 0.4 -- 
435 79.2 2.5 15.7 1.9 0.4 0.3 --- 
98 78.1 18.6 - 1.9 0.3 1.2 --- 
144 65.5 28.8 - 3.1 0.5 1.9 0.2 -- 
1129 75.7 16.6 4.7 1.6 0.3 1.0 0.1 -- 
628 63.4 30.7 - 3.4 0.5 2.0 0.1 -- 
39 65.9 31.0 - 2.3 0.5 0.2 0.2 -- 
97 75.7 21.2 - 1.7 0.3 1.1 -- 
174i 75.9 21.8 - 1.0 0.5 0.7 0.1 - 
118 63.6 31.2 1.1 2.8 0.5 0.7 0.1 - 
274 87.8 10.8 - - 0.9 0.4 0.1 - 
285 78.3 15.7 3.0 1.2 0.4 1.4 0.1 -- 
174ii 74.5 22.4 - 2.1 0.4 0.5 0.1 -- 
409 
SF No. /cu /Zn XSn /Pb /Ni /Fe /Mn /Sb /As /Ag /Au 
386 89.5 - 5.4 3.4 0.3 1.2 0.1 
240 64.1 33.1 - 1.7 0.3 0.7 0.1 
140(/) 71.8 25.6 -- 1.3 1.1 0.3 
282 67.4 30.0 - 1.9 0.2 0.3 0.2 
88(/) 72.8 22.0 - 3.3 0.7 0.9 0.4 
62 72.7 22.1 - 3.3 0.6 1.1 0.2 
124 68.9 28.3 - 1.6 0.4 0.7 0.1 
134(/) 89.4 5.8 1.6 2.3 0.5 0.4 - 
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DISCUSSION 
As with previous sites, a range of object forms spread over-an 
800, year timespan produced a range'of analytical compositions. 
Examination of the analytical results reveals several trends: 
All the pins, shafts and wire are- either brasses, leaded 
brasses or quaternary alloys of copper, zinc, tin and lead. 
Three analyses stand out - 
SF No. 386. This-is a lightly leaded bronze; and is a 
needle or part of a brooch pin, and is thus dissimilar 
from the rest of the material - both functionally and 
chemically - indeed the chemical compositions would 
suggest it was a brooch pin rather than a needle. 
ii) SF No. 435. This length of wire is composed of a high 
tin bronze, with only a trace of zinc. This is 
clearly,, a deliberately created bronze, and chemically 
very distinct-from all the other, wires and pins. 
These two results were not used any further for comparative 
purposes as they are clearly dissimilar to the rest of 
the 
objects. 
iii) SF No. 164. This pin has an unusually, high nickel 
content 1.5% - and a good trace of arsenic, 
1- 5%. 
This pin clearly has a metal composition unlike any others, 
thus suggesting a different metallurgical origin. High 
nickel content copper alloys - some with high Arsenic 
pontents - have been found at Sandal Castle [Caple C. 
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19831. It is worth noting that these alloys invariably 
haveýlow zinc contents 10 - 15%, as does this example. 
Other instances of this metal type have been noted at sites 
as diverse as Coventry, York and Salisbury. 
The general major element metal composition in the- remaining 
bulk of the analyses shows slight changes with date:. ý 
It is noticeable that the earlier metalwork - pre-1400 - 
has in general a slightly lower zinc content (mean 
19.6% Zn) than the later post-1400 period (mean 25.8% 
Zn): also in the earlier period there is a 35%' ? rdolo, Utt, ý 
of finding tin in reasonable concentrations ie > 1-57. 
Sn. In the later period no samples have tin 
concentrations > 2% and only a small, 20%, chance of 
finding even this low concentration of tin. No clear 
trend is discernible in the lead content. 
Certain types of alloy may be associated with certain 
types of pin: this is most marked in the contrast 
between the high zinc (mean > 20% Zn) brass or leaded 
brass alloy of the wound wire headed pins compared to 
the 
low zinc (mean 9.7% Zn) and often appreciable tin content 
(mean 4.1% Sn) for the pins with 'beret' heads, or forged 
heads. Most of this latter type of pin head come 
from 
early pre-1400 contexts (or contexts with a 
large date 
range). The wound wire headed pins come from contexts of 
all dates. The only "upset" headed pin sampled - this 
being a 19th century product - had the type of high zinc 
content, 33% Zn, only seen in the 18th and 19th century. 
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From the metal compositions from this site it is again 
apparent that bronzes were not in general use for wire or pin 
manufacture during the medieval period, but rather a series of 
brasses and leaded brasses were used. Some tin content is 
often present in this alloy in the earlier part of the period 
- pre-1400 - but this declines in percentage content 
'and 
frequency of occurrence with time. One unusual alloy 
containing nickel and arsenic was found in this assemblage - 
probably an import from an unusual source of metal supply. It 
serves to highlight the otherwise fairly stable gradual change 
in metal composition over the period 1100 - 1900 AD, probably 
representing a relatively stable source of metal supply. 
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LINCOLN 
Excavations at a number of sites in Lincoln have produced a 
number of pins, from Dark Age to Post Medieval contexts. ' A 
selection of these pins, largely from Medieval contexts, were- 
examined analytically. 
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THE SAMPLES 
Site Code AE Description Date 
Number AD 
F 73 ND 159 Wound wire headed pin, "C" type 1100-1.200 
F 72 CI 39 Wound wire headed pin, "C" type 1600-1800 
F 73 UP 174 Short length of, wire 1200-1400 
F 73 KG 137 Pin with, a solid head stuck on 1400-1600' 
F 73 FT 79 Pin with a solid head stuck on 1500-1800, 
F 73 FO 78 Wound wire headed pin, "Al" 1300-1500 
type 
F 72 AX 47 Wound wire headed pin, given 1400-1600 
side facets 
F 74 ALU 41, Pin,, head forged out o f shaft 1100-1400 
F 73 YZ 248 Shaft of a needle' 1000-1200 
F 72 'CI 41 Point of a shaft 1600-1800' 
F 73 NC 133 Wound-wire headed pin, '"A" type 1300-1600 
F 73 YE 205 Thin twisted and-looped wire 1100-1200 
F 73 YD . 210 Length of wire 
1100-1200' 
F 73 AEA 286 Length of wire 1100-1200 
F 73 AEA 286 Short-rod or wire 1100-1200 
F 73 XB 183 Point of shaft 
1100-1200 
F 73 ABP 169 Short rod or wire 1100-1200 
F 74 AUG 141 Short rod or wire 
1000-1100 
F 74 AOM 120 Short length of wire 
1000-1100 
F 74 AIO 44 Short scrap of wire 1000-1100 
F 74 ATM 16 Short piece of rod 1000-1100 
F 75 0 49 428 short piece of wire or rod 900-1000 
(shaped) 
BE 73 1 LO 127ii Wound wire headed pin, "B" type 1500-1600 
BE 73 1 LO 127iii Wound wire headed pin, "A" type 1500-1600 
17-- 
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BE 73 1 LO 127i Wound wire headed pin, "A" type 1500-1600 
BE 73 V BX 96i Wound wire headed pin, "A" type 1800-1900 
BE 73 V BX 96ii Wound wire headed pin, "B" type 1800-1900 
BE 73 V BX 96iii Wound wire headed pin, "C", type 1800-1900 
BE 73 1 AX 41 Wound wire headed pin, "Bl" 1600-1700 
type 
BE 73 1 BO 54 Short length of wire 1400-1600 
SP 77 WE 10 Length of wire 1700-1800 
SP 74 AB 23 Wound wire headed pin, 1800-1900 
invert ed cone type 
SP 74 DO 27 Upset headed pin, inverted 1800-1900 
cone t ype 
SP 77 UX 12i Wound wire headed pin, "B" type P Med 
SP 77 Ux 12ii Wound wire headed pin, "B" type P Med 
SP 77 UX 12iii Wound wire headed pin, "C" type P Med 
DT 1 78 AEH 4ii Wound wire headed pint "C" type 1700-1800 
DT 1 78 AEH 4i Pin wi th solid head stuck on 1700-1800 
DT 11 74 DU 232 Wound wire headed pin, "A" type ? 
DT 11 74 AM 5 Shaft on a pin 1500-1700 
DT 11 74 UL 286 Wound wire headed pin, "A" type 1600-1700 
DT 1 84 PC 114 Shaft 
1300-1500 
* 73 AL 2 Comple te shaft 
1600-1800 
* 73 CH 5 Pin wi th incised decorated head Roman 
HG 72 BH 13 Length of wire 
Roman? 
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ANALYTICAL RESULTS 
Ae No Zcu 7Zn ISn ; /Pb INi XFe ; /Mn XSb XAs ; /Ag ZAu 
159 65.3 30.2 3.3 0.6 0.4 0.1 ---- 
39 67.8 20.6 - 9.9 0.4 1.2 0.1 ---- 
174 72.7 17.8 6.0 1.9 0.6 0.7 0.2 ---- 
137 75.7 21.7 - 1.4 0.3 0.7 0.1 ---- 
79(/. ) 68.4 13.5 12.1 3.8 0.9 1.4 ----- 
78(, ý1) 74.2 - 7.9 14.1 2.1 0.9 0.9 - 
47 74.1 22.0 - - 0.7 0.7 -- 
31 89.9 4.8 2.2 2.2 0.6 0.2 0.1 - 
248 84.2 10.0 0.8 4.0 0.3 0.1 - 0.8 
41 74.5 21.5 - 2.4 0.6 1.1 0.1 - 
133 69.9 26.8 2.6 0.4 0.4 -- 
205(/) 95.3 - - 2.6 0.7 1.2 0.3 - 
210 93.4 3.7 0.6 1.9 0.2 0.2 -- 
286 98.0 1.5 0.3 0.2 -- 
2861 99.2 - 0.5 0.2 0.1 - 
183 92.7 2.7 - 4.1 0.3 0.2 -- 
269 96.0 - 0.7 2.9 0.3 0.1 -- 
141 89.1 2.6 - 7.3 0.2 0.7 0.1 - 
120 96.8 - - 2.6 0.4 0.2 0.1 - 
44(, /) 91.2 - 4.8 - 1.4 1.6 1.1 - 
16 82.8 13.0 - 3.3 0.3 0.5 -- 
428 80.2 - 11.1 8.0 0.6 0.1 0.1 - 
127ii(/) 72.5 15.8 4.5 4.3 1.3 1.3 0.5 - 
127iii 72.8 22.9 - 3.0 0.7 0.4 0.2 - 
127i 76.8 19.2 2.6 0.5 0.9 0.2 - 
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Ae No. Zcu /Zn /Sn ZPb /Ni /Fe /Mn /Sb /As /Ag /Au 
96i 84.6 11.1 3.1 1.0 0.3 - 
96ii 67.7 26.7 - 4.2 0.4 0.9 0.1 
96iii 62.1 33.2 1.6 2.2 0.3 0.4 0.2 
41(/) 74.3 24.3 - - 0.6 0.6 0.2 
54 68.7 28.8 - 1.5 0.6 0.2 0.1 
10 67.1 28.8 - 3.0 0.5 0.5 0.1 
23 68.1 30.2 - 1.1 0.4 0.3 - 
27 62.6 32.8 1.2 2.2 0.3 0.9 - 
12i 0.2 25.0 1.1 3.1 0.6 0.9 0.2 
12ii 70.6 24.9 1.0 2.3 0.6 0.6 0.1 
12iii 68.3 26.2 - 3.9 0.6 0.6 0.3 
4ii 69.2 28.5 - 1.5 0.5 0.3 - 
4i 83.4 11.9 - 3.2 1.0 0.4 - 
232 82.6 10.8 - 5.1 1.0 0.5 0.1 
5 70.5 25.4 - 3.1 0.4 0.5 0.2 
286 68.6 27.1 - 2.8 0.6 0.2 0.1 ---- 
114 82.0 9.6 5.5 2.1 0.3 0.5 0.1 ---- 
2 72.9 23.7 - 2.4 0.6 0.4 0.1 ---- 
5 79.7 14.5 1.9 3.3 0.3 0.3 0.1 - 
13 77.1 18.5 2.9 - 0.3 1.0 0.1 
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DISCUSSION 
As noted in previous sites, the range of object forms 
occurring over a 2000 year timespan has resulted in a range 
of analytical compositions. 
It should be noted that within these results there is-an 
unfortunate bias in the sample forms selected. Most of the 
examples of pins come from the later contexts; whilst most, of 
the examples of wires, rod etc come from the earlier ones. 
This must cause caution to be used when comparing results. 
Other studies, however. eg Sandal Castle [Caple C 19831 and 
Chelmsford [Caple C& Warren SE 19831 have shown- no 
difference between the analytical compositions of pins and 
wires of similar dates. 
Pin Ae Number 159, which comes from a 12th century layer is 
clearly not an object from that period on typological 
grounds. Analysis confirmed this -fact, both analysis and 
typology giving a date of post 1400 for this pin. Due to 
this contradiction of date of layer and object it was not 
included in any comparisons. 
Several trends were noted in the compositions: 
i) The variable nature of the earlier (pre -1400) dated 
metalwork, many coppers, a few bronzes, and some 
brasses, are present with often no clear reason for the 
variation in composition discernible. 
ii) All the pre 1400 dated metal work has a relatively low 
zinc content, <19%, often none at all, and sometimes has 
tin present. 
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iii) All the post 1400 dated metalwork, with three notable 
exceptions (see below), has a high zinc content always 
>20%, ie they are always brasses. Only four pins of 
this group have any tin, and then it is only present in 
small quantities ie <2%. 
The three pins, 4i, 232 and 96i, all have unusual 
compositions in that they have unusually large amounts of 
nickel present ie > 1.0%. They are also the only three pins 
dated post 1400 which have a zinc content lower than 20%. 
This combination of unusual factors clearly suggests that 
these three pins are not made of the same metal as the rest 
of the pins of this period, but from a metal with a different 
metallurgical origin. Similar examples of this metal type 
were noted from Sandal Castle [Caple C 19831 and other 
medieval sites 
A single pin, 248, has antimony present, and at 0.8% this was 
clearly a reasonable amount, enough to suggest a metal of 
unusual origin for this example. 
These results match well with existing analytical data for 
the period. These results agree well with earlier results 
for various small metalwork items of 9th to llth century date 
from Coppergate, with the variable low nature of tin contents 
and the zinc contents invariably <30%, and with very frequent 
low lead contents, typically <5%: thus giving a consistant 
picture of pre-1400 copper alloy metalwork. Similarly, the 
predominance of the high zinc lightly leaded brasses in the 
later medieval period echoes the results seen on other sites, 
eg Canterbury. 
420 
CHESTER 
Excavations at a number of sites in Chester have produced a 
number of pins from Roman to Post Medieval period contexts. 
A selection of pins from a variety of periods were made 
available for analysis. 
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SAMPLES 
SITE CODE SF DESCRIPTION DATE 
NUMBER 
GFC 76-8 652ii Complete wound wire headed pin 1500-1600 
11 652 "B" type head 
GFC 76-8 89 Complete wound wire headed pin 1600-1700 
1 89 "Al" type head 
NGB 74 17 His-shapen casting of solid Med 
3 round headed pin 
HSS 79 286 Broken needle or bodkin 300-400 
11 140 
HW 80 183iii Short length of wire 1700-1980 
V 183 
GS 73 1431 Short length of wire/sheet Med-P. Med 
A 279 
AG 75-8 2383 Broken solid round headed pin 120-150 
vi 961 
GFC 76-8 220 Complete wound wire headed pin 1300-1500 
1 220 "B" type head 
GFC 76-8 194 Short length of wire 1400-1500 
1 194 
GFC 77 393 Short length of wire Med 
1 239 
GFC 76-8 204i Complete wound wire headed pin 1500-1600 
1 204 
AG 75-8 605 Broken pin with a solid forged Rm-P. 
Med 
103 head 
HSS 79 180 Round headed nail/pin 
200-400 
11 126 
AG 75-8 1868 Broken solid triangular domed Sax 
IV 629 headed pin 
AG 75-8 1638 Broken solid round headed pin Sax 
V 562 
GFC 76-8 652i Complete wound wire headed pin 1500-1600 
11 652 "A" type head 
CRS 73-4 559 Broken solid triangular domed 100-200 
1 110 111 headed pin 
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HSS 81 363 Short length of wire Sax 
vi 363 
HW 80 217iii Complete wound wire headed pin 1300-1700 
v 217 "Al" type head 
HW 80 217ii Complete wound wire headed pin 1300-1700 
v 217 "B" type head 
HSS 79 14i Complete wound wire headed pin 1500-1800 
11 14 "Al" type head 
HSS 79 14ii Broken pin shaft 1500-1800 
11 14 
GFC 76-8 135iii Complete wound wire headed pin 1500-1800 
1 135 "B" type head 
HW 80 58 Complete wound wire headed pin 1700-1980 
v 157 "B" type head 
GFC 78 584 Complete pin with a solid head 1400-1500 
11 584 stuck on 
GFC 76-8 135ii Complete wound wire headed pin 1500-1800 
1 135 "Al" type head 
AG 75-8 2392 Broken wound wire headed pin ? 
II/V 1332 "B" type head 
GFC 76-8 534i Complete wound wire headed pin 1700-1900 
11 534 "C" type head 
HW 80 183i Broken wound wire headed pin 1700-1980 
v 183 "Al" type head 
AG 75-8 921 Round headed nail/tack Med-P. Med 
v 252 
HW 80 217iv Complete wound wire headed pin 1300-1700 
v 217 "Al" type head 
HW 80 239i complete wound wire headed pin 1700-1980 
v 239 "C" type head 
HW 80 183ii Complete wound wire headed pin 1700-1980 
v 183 "Al" type head 
GFC 76-8 135i Complete wound wire headed pin 1500-1800 
1 135 "Aln type head 
GFC 76-8 88ii Complete wound wire headed pin 1600-1700 
1 88 "Bn type head 
GFC 76-8 88iii Complete wound wire headed pin 1600-1700 
1 88 "B" type head 
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GFC 76-8 88i Complete wound wire headed pin 1600-1700 1 88 "B" type head 
GFC 76-8 204ii Complete wound wire headed pin 1500-1600 
1 204 "B" type head 
HW 80 217i Complete wound wire headed pin 1300-1700 
v 217 "B" type head 
HSS 79 32 Complete wound wire headed pin 1500-1800 
11 19 "B" type head 
HSS 79 33 Complete wound wire headed pin 1500-1800 
11 19 "A" type head 
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ANALYTICAL RESULTS 
SF No X Cu XZn YSn XPb /Ni XFe /Mn /Sb ; As YAg /Au 
652ii(/) 85.4 12.7 - 0.9 0.8 0.1 - 
89(/) 76.1 19.6 - 2.3 0.7 1.0 0.2 - 
17 74.7 5.6 5.3 14.0 - 0.4 - - 
286 86.2 5.2 7.7 0.5 0.2 0.4 - - 
183iii 70.1 20.9 - 2.8 0.6 0.7 0.1 - 
1431 76.7 19.6 1.7 1.0 0.3 0.4 - - 
2383 81.0 17.6 1.1 - - 0.1 - 0.1 
220 80.7 15.6 1.2 0.3 0.8 0.1 1.3 
194 72.6 23.4 2.5 0.5 0.9 0.1 
393 82.7 11.3 2.9 2.6 0.1 0.4 
204i 73.9 22.1 2.0 0.8 1.0 0.2 
605 79.8 14.4 2.8 2.2 0.1 0.8 
180 70.2 8.1 8.7 11.5 0.3 1.1 0.1 
1868 77.7 4.4 6.9 10.1 - 0.8 - 0.2 
1638(/) 74.0 '2.6 15.9 5.8 - 1.6 0.2 - 
652i 70.1 21.2 - 7.3 0.6 0.7 0.1 - 
559 72.5 2.5 10.5 13.9 - 0.6 - - 
363 98.5 - - 1.0 0.2 0.3 - - 
217iii 74.4 21.3 - 2.7 0.5 1.1 - - 
217ii 72.9 20.0 1.2 4.4 0.4 1.1 - - 
14i 75.7 19.2 - 3.3 0.6 0.9 0.2 - 
14ii 77.0 21.9 - - 0.6 0.4 - - 
135ii 67.0 24.8 2.6 3.1 0.5 1.9 0.2 - 
58 87.2 11.6 - - 0.7 0.4 0.1 - 
584 86.8 11.8 - 0.8 0.4 0.2 - 
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SF No Zcu /Zn /Sn /Pb /Ni /Fe XMn /Sb /As ; /Ag /Au 
135ii(/) 67.0 24.8 2.6 3.1 0.5 1.9 0.2 ---- 
2692 68.9 26.8 - 3.1 0.5 0.6 0.2 ---- 
534i 62.7 33.1 2.0 0.1 1.9 0.2 ---- 
183i 74.0 22.2 - 2.4 0.6 0.6 0.2 ---- 
921 76.7 18.0 3.19 1.1 0.1 1.0 0.1 ---- 
217iv 74.8 22.1 2.2 0.3 0.6 0.1 ---- 
239i 71.6 21.6 3.1 2.4 0.5 0.6 0.2 - 
183ii(/) 77.2 20.7 - - 0.7 1.1 0.4 - 
135i 67.8 26.2 - 3.9 0.8 1.0 0.3 - 
88ii 73.8 22.4 - 2.0 0.7 1.0 0.1 
88iii 71.3 24.5 - 2.6 0.7 0.7, 0.2, 
88i(/) 64.5 27.7 - 5.9 0.7 0.9 0.2 
204ii(/) 68.4 21.9 2.9 4.7 0.7 -,. 1.2 0.3 
217i(/) 74.9 14.8 4.2 2.4 1.1 -2.3 0.4 
32 80.3 19.1 - - 0.4 0.2 - 
33 76.2 22.2 - 1.5 0.2 - - 
I 1ý 
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DISCUSSION 
As in the previous sets of analyses, a wide range of object 
forms occurring over a 2000 year timespan has resulted in a 
wide range of analytical compositions. From the results it 
appears that all the high tin, >5%, and high lead, >8%, 
results are of Roman or Saxon date. This includes NGB 74 17, 
which although from a medieval dated context is of a Roman 
and Saxon type of pin eg AG 75-8 2383. 
There is a great range of alloy compositions over this Roman 
and Saxon period; from brasses like 2383 to high leaded 
quaternary alloys HSS 79 180. This range of metal 
compositions used to form pin and wires contrasts with the 
narrow compositional range (only brass) used in the post 
medieval period. 
Two samples, GFC 76-8 652ii and HW 80 58, have a composition 
which contains a reasonable percentage of arsenic (1-5% 
range). They also have relatively low zinc concentrations 
(11-13%). This metal is clearly unlike the metal which makes 
up the rest of the sample. other examples of arsenic rich 
copper alloys from medieval contexts come from Sandal 
Castle 
[Caple 19831, also York and Salisbury. it presumably 
represents the products of an unusual metal supply, widely 
scattered throughout medieval Britain. 
The remaining samples represent the alloys used for 
I'mainstream" pin manufacture during the medieval period. In 
general the earlier dated objects (16th century and earlier) 
have a very variable zinc content - generally a much lower 
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(mean 16%) zinc content than the alloys of the later (16th 
century and later) period (mean 23.2% zinc). The earlier 
objects also have a much greater association with tin content 
in their alloys - 50% of the earlier objects have a 
measurable percentage of tin compared with only 20% of the 
later objects - with the earlier alloys having a mean tin 
content of 1.6% whilst the later alloys having a mean tin 
content of 0.5%. 
Several pins which are of similar types and come from close 
contexts (being of similar date) have very similar analyses 
(often identical within the contexts of analytical accuracy), 
eg (GFC 76-81) 135iii and 135ii, also (GFC 76-8 1) 88ii and 
88iii, also (HW 80 V) 183ii and 183i. This suggests that 
pins made from the same wire were "headed" in a similar 
manner, to be later sold and deposited together, probably as 
part of a "batch" of pins. 
Thus in Chester, as on other sites, it would appear that 
in 
the Roman and Saxon periods a large variety of copper alloys 
were used for the manufacture of pins and wires. 
In the 
medieval period a far more uniform alloy composition 
was 
adopted, with a clear change from low variable zinc 
brass or 
quaternary alloy, early in the peiod, to a uniform 
high zinc 
content brass or leaded brass, with less tin, 
later in the 
period. 
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LUDGERSHALL 
The excavation of this medieval castle produced a number of 
pins. Most of the pins were of the wound wire headed type, 
and many of them came from relatively early well dated 
contexts. A series of 16 pins from this interesting 
assemblage were available for analysis. 
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SAMPLES 
New Site Code/Description 
Ae No 
206 LUD 71 A26 8 511 Ae 87 
Complete wound wire headed pin, "A" 
type head (Cap le + Warren 1983 ) 
207 LUD 68 D24 4 ? 234 Ae 163 
Complete wound wire headed pin, "B" 
type head 
208 LUD 71 F442 14 549 Ae 86 
Complete wound wire headed pin, "B" 
type head 
211 LUD 71 F1004 11 582 Ae 101 
Complete wound wire headed pin, "B" 
type head 
212 LUD 69 A26 8 491 Ae 78 
Complete wound wire headed pin, "A" 
type head 
213 LUD 71 J26 2a 663 Ae 127 
Complete wound wire headed pin "B" 
type head 
214 LUD 71 F1004 6 667 Ae 129 
Complete wound wire headed pin, "A" 
type head 
215 LUD 71 J26 2a 679 Ae 134 
complete wound wire headed pin, "B" 
type head 
Date 
Mid 14th 
Mid 14th 
late 13th 
late 13th 
early 14th 
Mid 14th 
16th+ 
late 13th 
early 14th 
16th+ 
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218 LUD 71 J13 17 689 Ae 143 early 14th 
complete wound wire headed pin, "B" 
type head 
220 LUD 68 H24 F461 A 278 Ae 43 l6th+ 
Complete wound wire headed pin, "C" 
type head 
222 LUD 71 F26 9 510 Ae 85 Mid 14th 
Complete wound wire headed pin, "C" 
type head 
223 LUD 71 J13 18 671 Ae 132 early 14th 
Complete wound wire headed pin, "Al" 
type head 
224 LUD 66 C15 7 128 Ae 30 l6th+ 
Complete wound wire headed pin, "Al" 
type head 
225 LUD 66 C15 7 F6 7 127 Ae 29 l6th+ 
Complete wound wire headed pin, "Al" 
type head 
257 LUD 69 L21 F 442 209 49 9 Ae 79 Mid 13th 
late 15th 
Broken wound wi re he aded pin, 'IA 21' type 
head 
228 LUD 71 F1004 10 583 Ae 102 ? 
13th mid 
Two pieces of a broken pin shaft early 14th 
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ANALYTICAL RESULTS 
Ae No /cu 7. Zn ZSn XPb ZNi XFe XMn ZSb ZAs 7Ag 7Au 
206 80.9 14.7 1.7 1.9 0.2 0.6 0.1 ---- 
207 83.9 14.8 - - 0.3 0.9 0.1 ---- 
208 79.7 16.5 1.1 1.4 0.4 0.8 0.1 ---- 
211 84.4 12.6 - 1.5 0.3 1.0 0.1 ---- 
212 81.4 14.6 2.6 - 0.3 1.0 0.2 ---- 
213 82.8 14.2 - 2.0 0.3 0.7 0.1 ---- 
214 81.3 14.4 1.3 2.1 0.2 0.8 ----- 
215 82.5 12.9 1.5 1.4 0.4 1'. 4 - 
218 72.7 23.8 - 1.3 0.5 1.4 0.2 
220 65.8 30.5 - 2.4 0.6 0.7 0.1 
222(/) 67.8 29.8 - - 0.6 1.6 0.3 
223 79.1 18.8 - 1.3 0.3 0.6 - 
224 83.0 8.6 4.4 2.7 0.7 0.6 0.1 
225 82.5 8.3 3.6 4.0 0.3 1.3 - 
257 83.5 14.2 - 1.1 0.3 0.8 0.1 
228 81.2 5.4 8.7 3.8 0.7 0.2 - 
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DISCUSSION 
These 16 analyses show the range of copper alloy compositions 
being used for the manufacture of pin making wire from the 
late 13th century to 16th+ century. The alloys - high zinc 
pure brass and leaded brass to quaternary alloys of copper, 
zinc, tin and lead - appear to change randomly over time. 
Some noticeable features are: 
The two pins, 224 and 225, have very similar 
compositions, ie apparently made of the same metal (do 
they both come from the same Layer? ). Their composition 
is very unlike the compositions of other 16th century 
and later wound wire headed pins - which are invariably 
high zinc brasses or leaded brasses, like 220. This may 
suggest that they are older than the date of the layer 
in which they occur. 
In general the earlier pins, pre 16th century, have a 
variable zinc content - often with a low tin content - 
this agrees well with other "medieval" pin alloy 
compositions, eg Canterbury. 
iii) The different types of wound wire head have 
MALIP'A I 
differentAcompositions, 
R Zn R Sn 
"A" 13.4 1.9 
"B" 15.8 0.4 
$$cot 30.2 0.0 
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possibly indicating manufacture at different times, or 
from slightly different production centres with slightly 
different raw material. 
iv) The unusual character of analysis 228 stands out, having 
more Sn than Zn, and unusually low Fe%. It is a pity 
that no head type surviVes with this example, and that 
the sample is so small. 
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COVENTRY 
Excavations in the 1960s in Coventry city centre, though 
poorly recorded, uncovered large numbers of pieces of wire 
and metal ribbon. Much of the metal ribbon was bound into 
bundles. Investigations of the wire fragments suggested that 
a metal ribbon had been constricted to form circular section 
wire - see chapter 4, Technology. A number of samples of 
finished wire, and the metal ribbon were made available for 
analysis in order to try and ascertain if the metal ribbon 
recovered had been formed into the wires found on the site. 
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SAMPLES 
Sample Description 
Number 
COV 1 A bundle of folded metal ribbon, 1.5mm, wide 0.44mm thick 
COV 2 A bundle of folded metal ribbon, 1.6mm wide 0.9mm thick 
COV 3 A short length of metal ribbon, 4.4mm wide 0.4mm thick 
COV 4 A D shaped x section rod, 3.2mm wide 
COV 5 A bundle of folded metal ribbon, 1.6mm wide 0.4mm thick 
COV 6 A short length of metal ribbon, 1.6mm wide 0.4mm thick 
COV 7A bundle of folded metal ribbon, 1.6mm wide 0.4mm thick 
COV 8A narrow length of sheet metal, 3.4mm wide 0.5-0.9mm 
thick 
COV 9A long tapering length of sheet metal, 0.8mm thick 
COV 10 A long tapering length of sheet metal, 0.4-0.6mm thick 
COV 11 A bundle of folded metal ribbon, 1.55mm wide 0.44mm 
thick 
COV 12 A rod with a rectangular - polygonal x section 
COV 13 A short length of wire, o in x section, 1.25mm in 
diameter 
COV 14 A length 
COV 15 A length 
COV 16 A length 
1.5mm wi4 
COV 17 A length 
diameter 
of wire o in x section, 1.25mm in diameter 
of wire with a seam along it, 1.6mm in diameter 
of wire, bent into a loop, polygonal x section 
Je 
of wire, o to U shaped in x section, 1.22 in 
COV 18 A length of wire, bent into aU shape, x section, 
1.7mm diameter 
COV 19 A length of wire, o in x section, 1.5 mm in diameter 
COV 20 A length of wire, bent like a paper clip, 0.85mm in 
diameter 
COV 21 A tangled length of wire, 1.77mm in diameter, labelled 
"Priory Tower 49/189" 
COV-22 A partly wound coil of wire, 1.35mm in diameter 
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COV 23 A circular coiled bundle of wire, 1.9mm in diameter, 
polygonal x section 
COV 24 A length of square x section wire bent into loops, 
1.55mm in width 
COV 25 A shaft (for a pin? ), 0.5mm in diameter, (signs of stuck 
on head type? ) 
COV 26 A shaft (for a needle? ), 1.0mm in diameter, top corroded 
COV 27 A circular coiled bundle of wire, 0.6mm diameter, o in x 
section 
COV 28 A length of wire bent into a series of loops, 1.7mm in 
diameter 
COV 29 A length of wire, changes from rectangular to U, to o in 
x section 
COV 30 A short length of rod, 2.65mm in diameter, o in x 
section cast? 
COV 31 A complete wound wire headed pin, "B" type head 
COV 32 A lace tag; a tube of sheet metal pierced by 2 holes at 
the top ' 
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ANALYTICAL RESULTS 
Sample /Cu XZn /Sn XPb /Ni /Fe /Mn /Sb /As ZAg Au 
Number 
cov 11 67.7 30.6 1.2 0.4 0.2 0.1 ---- 
COV 2 65.6 33.4 0.6 0.3 0.1 0.1 ---- 
cov 3 96.3 - 2.2 - 0.2 1.3 0.1 ---- 
cov 4 76.9 18.7 2.4 1.2 0.2 0.6 -- ---- 
cov 5 66.6 32.3 - - 0.2 0.2 - 0.7 --- 
cov 6 66.5 33.2 - 0.2 0.2 ----- 
cov 7(/) 65.5 33.1 - - 0.9 0.4 0.2 ---- 
cov 8 86.2 8.3 3.8 0.9 0.1 0.4 - 0.3 --- 
cov 9 84.6 9.9 3.2 1.0 0.4 0.8 ----- 
cov 10 84.5 12.0 3.1 - 0.1 0.3 ----- 
cov ll(/) 71.8 27.3 - - 0.7 0.2 ----- 
cov 12 84.5 10.8 3.5 0.6 0.3 0.2 0.1 ---- 
cov 13 89.8 3.2 4.3 1.8 0.4 0.4 0.1 ---- 
cov 14 80.0 17.5 - 1.7 0.5 0.4 ----- 
cov 15 77.4 19.7 - 1.4 0.8 0.5 0.1 ---- 
cov 16 68.5 28.2 - 2.0 0.6 0.6 0.1 ---- 
cov 17 75.2 20.7 - 2.9 0.8 0.4 --- 
cov 18 86.2 13.5 - - 0.2 0.1, -- 
cov 19 84.5 11.1 2.6 1.0 0.4 0.4 --- 
cov 20 70.3 15.8 - 1.8 0.6 0.4 0.1 -- 
COV 21 71.2 25.8 - 2.1 0.5 0.4 0.1 -- 
COV 22 72.5 24.8 0.9 1.1 0.5 0.3 --- 
COV 23 76.4 20.8 - 2.1 0.5 0.2 0.1 -- 
COV 24 71.0 26.0 1.6 0.7 0.6 0.2 -- 
COV 25(/) 75.0 22.5 - 0.7 1.8 -- 
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Number /Cu /Zn 
COV 26(/) 83.7 13.1 
COV 27 86.7 12.4 
cov 28 74.1 22.0 
cov 29 74.4 23.0 
cov 30 73.6 24.2 
cov 31 61.6 35.4 
cov 32(/) 72.3 22.0 
YSn ZPb ZNi ZFe ; /Mn ; /Sb ZAs ZAg ZAu 
- 1.7 1.2 0.3 - 
-- 0.6 0.1 0.3 - 
- 2.7 0.5 0.6 0.1 - 
- 1.6 0.6 0.3 0.1 - 
- 1.2 0.5 0.5 0.1 - 
- 1.6 0.6 0.7 0.3 - 
- 1.7 3.0 1.1 - 
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DISCUSSION 
This collection of pins, wires, strips and ribbons of sheet 
metal has a restricted range of copper alloy composition. "This 
comprises a variable percentage zinc brass, often with a low 
lead content, <3%. Some samples also have a small % of tin, 
<5%, usually the lower % zinc ones. None of the objects are 
dated as the excavations were not recorded, this prevents the 
observing of analytical variations with date. 
The majority of long narrow ribbons of metal have a' high 
percentage of zinc (u5Lkally >30%). This very pure brass is 
unusual for the medieval period, and more usual in 'a post 
medieval 17th century or later context - see Analysis by Period 
1500-1700. It had been presumed that the ribbons were the raw 
material for the manufacture of the wires; in view of the 
variation in composition between the ribbons and the wires this 
now looks unlikely 
The alloy of which the three offcuts of, sheet metal 'are 
composed, has relatively low zinc, <12%, but with a definite 
tin content, 3-4%, and about 1% Pb. This sheet metal 
is 
clearly compositionally different to the ribbons of metal and 
wires; indeed it is much-more similar to the composition 
of 
pieces of sheet metal from Shambles, York [Caple 
19861, and 
some pins and wires found in other parts of Britain of 
a 
medieval date (1200-1600). 
The majority of this analysed material from Coventry eg the 
wires, has between 18-30% zinc and a small % of lead. This is 
very similar to the composition of the pins and wires from the 
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excavations at Chelmsford (Caple C& Warren SE 1983), dated 
16th - 20th century. There is also a good degree of similarity 
between the composition of the majority of wires and the 
composition of the pins from the excavations at Whitefriars, 
Coventry (see following section). 
Two objects, a needle and a length of wire (COV 18 and COV 26) 
have significant amounts of arsenic present in the ailoy. it 
is noticeable that these objects also have unusually low zinc, 
<14%, and no lead or tin present. This unusual metal 
composition has been found at other sites eg Canterbury, 
Whitby, York, Sandal Castle [Caple 19831 etc, and probably 
represents a separate metal supply available during the 
medieval period, whose products are seen on a number of British 
sites. 
The two other unusual analyses are those containing antimony 
(COV 5 and COV 8). Antimony is rarely found in Medieval copper 
alloy compositions and, like arsenic, is usually regarded as an 
impurity passed on from the copper ore. Thus, like the arsenic 
rich sample, an unusual origin for the metal which was used to 
make the wire of which these two items were composed must 
be 
postulated. 
In general, therefore, although this group of objects 
has 
produced a fairly restricted range of compositions, it can 
be 
seen that within these individual object types eg wires, ribbon 
and offcuts of sheet metal, there are compositional ranges 
which are mirrored in other sets of analyses, and demonstrate 
the divergent metal types which are seen in this assemblage. 
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The occurrence of several items with unusual trace elements, eg 
arsenic and antimony, also demonstrates the variety of 
different metal sources available in the "medieval" period. 
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WHITEFRIARS 
Excavations in the late and post medieval church of 
Whitefriars near Coventry, produced a large number of pins 
from the resonance passages beneath the choir of the church. 
The period of deposition was securely dated by the excavator, 
Mrs Woodfield, to the period 1545-1558. A selection of these 
pins were analysed to give a clear indication of the types of 
copper alloy in use in the mid 16th century. 
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SAMPLES 
All Site Code WF 62 14 
Number Description 
PIN 1 Complete wound wire headed pin, "A" type head 
PIN 2 Complete wound wire headed pin, "B" type head 
PIN 3 Complete wound wire headed pin, "A31' type head 
PIN 4 Complete wound wire headed pin, "A311 type head 
PIN 5 Complete wound wire headed pin, "All' type head 
PIN 6 Complete wound wire headed pin, "Al" head, facetted 
PIN 7 Complete wound wire headed pin, "B" head, facetted 
PIN 8 Complete wound wire headed pin, "Al " type head 
PIN 9 Complete wound wire headed pin, "Al" type head 
PIN 10 Complete wound wire headed pin. "Bl" head, facetted 
PIN 11 Complete wound wire headed pin, "C" type head 
PIN 12 Complete wound wire headed pin, "B" type head 
PIN 13 Complete wound wire headed pin, "A" type head 
PIN 14 Complete wound wire headed pin, "A" type head 
PIN 15 Complete wound wire headed pin. "B" type head 
PIN 16 Complete wound wire headed pin, "A" type head 
PIN 17 Complete wound wire headed pin, "A" type head 
PIN 18 Complete wound wire headed pin, "B" type head 
PIN 19 Complete wound wire headed pin, "B" type head 
PIN 20 Complete wound wire headed pin, "B" type head 
PIN 21 Complete wound wire headed pin, "C" type head 
PIN 22 Complete wound wire headed pin, "A" type head 
PIN 23 Complete wound wire headed pin, "A" type head 
PIN 24 Complete wound wire headed pin, "A" head, facetted 
PIN 25 Complete wound wire headed pin, "C" type head 
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PIN 26 Complete wound wire headed pin, "A" type head 
PIN 27 Complete wound wire headed pin, "A" type head 
PIN 28 Complete wound wire headed pin, "A" type head 
PIN 29 Complete wound wire headed pin, "C" type head 
PIN 30 Complete wound wire headed pin, "C" type head 
PIN 31 Complete wound wire headed pin, "B" type head 
PIN 32 Complete wound wire headed pin, "C" type head 
PIN 33 Complete wound wire headed pin, "B" type head 
PIN 34 Complete wound wire headed pin, "B" type head 
PIN 35 Complete wound wire headed pin, "B" type head 
PIN 36 Complete wound wire headed pin. "B" type head 
PIN 37 Complete wound wir' headed pin, "A" type head 
PIN 38 Complete wound wire headed pin, "C" type head 
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ANALYTICAL RESULTS 
Number Xcu YZn ISn YPb /Ni /Fe /Mn /Sb /As /Ag /Au 
PIN 1 82.3 15.2 1.7 0.8 N N---- 
PIN 2 69.7 28.2 1.5 0.6 N N---- 
PIN 3 68.4 27.7 3.2 0.6 N N---- 
PIN 4 73.8 24.9 0.8 0.5 N N--- 
PIN 5 76.0 20.3 2.9 0.8 N N-- 
PIN 6 79.1 17.3 2.9 0.8 N N--- 
PIN 7 70.6 27.2 - 1.6 0.6 N N--- 
PIN 8 77.5 20.0 - 1.9 0.6 N N--- 
PIN 9 80.0 1ý. 2 - 3.2 0.7 N N--- 
PIN 10 80.6 16.7 - 1.9 0.7 N N--- 
PIN 11 69.5 25.7 - 4.1 0.8 N N--- 
PIN 12 80.8 17.6 - 1.0 0.6 N N--- 
PIN 13 78.6 18.1 - 2.6 0.7 N N--- 
PIN 14 78.5 19.1 - 1.9 0.5 N N--- 
PIN 15 71.2 24.0 - 4.4 0.5 N N--- 
PIN 16 77.4 20.4 - 1.7 0.6 N N--- 
PIN 17 68.4 27.6 - 3.3 0.8 N N--- 
PIN 18 69.3 28.3 - 1.7 0.8 N N-- 
PIN 19 73.5 24.2 - 1.4 0.9 N N-- 
PIN 20 81.3 15.9 - 2.1 0.8 N N-- 
PIN 21 68.8 28.6 - 1.8 0.8 N N-- 
PIN 22 69.4 27.8 - 2.2 0.5 N N-- 
PIN 23 77.9 17.8 - 3.7 0.7 N N-- 
PIN 24 74.3 23.6 - 1.6 0.5 N N---- 
PIN 25 68.3 29.1 - 2.0 0.7 N N---- 
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Number /cU %' Zn ZSn ZPb /Ni /Fe /Mn /Sb /As /Ag ZAu 
PIN 26 75.1 22.9 - 1.5 0.5 N N---- 
PIN 27 77.3 20.5 - 1.6 0.6 N N---- 
PIN 28 87.5 10.5 - - 1.9 N N 
PIN 29 71.7 25.7 - 2.1 0.6 N N 
PIN 30 69.4 27.5 - 2.3 0.8 N N 
PIN 31 74.5 21.9 - 2.7 1.0 N N 
PIN 32 74.4 23.2 - 1.7 0.8 N N---- 
PIN 33 77.2 18.8 - 3.4 0.6 N N---- 
PIN 34 81.6 15.9 - 2.2 0.4 N N---- 
PIN 35 77.1 20.2 - 1.8 0.8 N N---- 
PIN 36 78.1 19.9 - 1.6 0.5 N N---- 
PIN 37 75.4 18.4 - 5.5 0.7 N N---- 
PIN 38 69.0 27.2 - 3.2 0.5 N N---- 
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DISCUSSION 
These pins have a very consistent composition of a low leaded 
brass (PIN 28 excepted) with variable zinc content, 15-30%, 
and low lead content, 0.5-6.0%. This consistent alloy 
composition might reasonably be expected of a single type 'of 
object found in a single place and deposited overý only 13 
years. It does, however, in demonstrating-the limited 
variability in the alloy type used to make wire for pin 
manufacture during this period, also indicate that-- the 
"variable", element of this fairly uniform alloy is (in 
absolute terms) zinc. This was probably a function of 
manufacture as the calamine process by which the brass was 
made affords control of the zinc content, VVI, 62, 
Subsequent working, heatini; processes,,. on, _the., 
metal will SreaCly 
effect the zinc content, as will corrosion after 
buri. a 
One analysis, PIN 28, is clearly very different to the rest 
having a'reasoriable percentage'of arsenicýin the alloy, about 
half the usual percentage of zinc, no lead, and a very, high 
percentage of'nickel. The arsenic and nickel are presumably 
impurities from the copper ore; thus suggesting a 
different 
source for the raw materials for this alloy ie a 
different 
metal from a different origin comparedwith the rest of 
the 
metal in this assemblage. Other examples of high arsenic, 
and 
high arsenic and high nickel alloys, have been noted already 
in analyses of pins from Chelmsford, Coventry City, 
Canterbury, Salisbury, Sandal Castle [Caple 19831 with usually 
one or two examples from each site. This alloy clearly 
occurred widely in medieval and post medieval period, but was 
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always rare, being a very minor, source of metal. 
It can also be shown that there is a slight variation in 
composition within this group of analyses corresponding with 
the variation in pin head type: 
"A" type head mean Zn%, 20.8% *ý&"JkorcL ck au Zo-k Z. A 4. - is &) 
"B" type head mean Zn% 21.8% 
"C" type head mean Zn% - 26.7% 
These variations are minor and in no way , conclusive, 
especially as the number of examples of any one type -of-pin 
head is small. However, similar variations have been recorded 
in the compositions of pin head types-from Ludgershall Castle 
In general there is little vaniation in the alloy used in the 
manufacture of these pins (deposited virtually all at the same 
time in the same place). It is, however, virtually identical 
to the compositions of the pins, wires and twisted wire loops 
from excavations in Chelsmford. These pins and wires were 
deposited, though in the same place, over a period of 300-400 
years and involved several different forms of narrow gauge 
copper alloy wire. Presumably, therefore, Chelmsford's 
variation is accountable purely to the vagaries of 
manufacture, as seen in the Whitefriars pins, and suggesting 
strongly that there was: 
1) Little variation in the alloy composition of narrow gauge 
copper wire over the period 1600-1900. 
2) That virtually all narrow gauge copper wire was made from 
the same alloy, no variation in composition being made 
for a specific use of the wire, eg pins, or as a result 
of geography. 
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CHELMSFORD 
The excavations at Moulsham Street in Chelmsford produced a 
well dated sequence of medieval and post medieval, occupation 
on the site. The excavation uncovered a large number of pins 
(over 700) from these occupation deposits. Consideration of 
the stylistic and metrical aspects of these pins were 
undertaken in Chapter 5. A series of pins were then analysed 
as part of the total examination of the pins from this site: ' 
the results were summarised in the excavation report (Caple 
19851, but are presented here in detail. 
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THE SAMPLES I 
SF Layer Description Date 
Number 
474 F 328 Complete pin, spherical head of "K" 1560-1590 
type 
545 F 238 Length of squarish cross section 1560-1590 
wire 
19 F 3 Complete wound wire headed pin, 1560-1590 
"C/B" type head 
38 F 16 Complete wound wire headed pin, 1630-1670 
"C/B" type head 
1208 L 8 Complete pin with an upset head 1670-1700 
364 F 95 Complete wound wire headed pin, 1700-1900 
"A" type head 
193 F 50 A Complete wound wire headed pin, 1630-1670 
"C" type head 
538 F 328 Complete pin, spherical head of "K" 1560-1590 
type 
1169 L 6 Complete pin, spherical head of 1700-1730 
unknown type 
575 F 331 Complete pin, spherical head of 1590-1630 
unknown type 
10 F 3 Complete wound wire headed pin, "B" 1700-1900 
type head 
712 L 1 Length of wire, round in cross 1700-1900 
section 1.35mm in diameter 
567 F 331 Length of wire, groove down leng th 1590-1630 
1.66mm in diameter 
194 F 50 A Complete wound wire headed pin, "C" 1630-1670 
type head 
421 F 151 Complete wound wire headed pin, "B" 1700-1730 
type head 
294 F 74 Complete wound wire headed pin, "H" 1590-1630 
type head 
195 F 50 A Complete wound wire headed pin, "B" 1630-1670 
type head 
451 
948 L2 Complete pin, spherical head of 1700-1730 
unknown type 
1213 L8 Complete wound wire headed pin, flat 1670-1700 
polygonal sect ion head 
506 F 328 Length of wire , oval in cr oss 1560-1590 
section 1.77mm in diameter 
591 F 333 Complete pin, spherical he ad of 1590-1630 
unknown type 
482 F 328 Complete pin, spherical head of 1560-1590 
"K" type 
75 P 42 Complete wound wire headed pin, "A" 1590-1630 
type head 
659 F 706 Large pin, wound wire head forming 1630-1670 
disc with ingrooved criss cross 
14 F3 Complete wound wire headed pin, "B" 1700-1900 
type head 
422 F 151 Complete wound wire headed pin, "A" 1700-1730 
type head , 
191 F 50 A Complete wound wire headed pin, "B" 1630-1670 
type head 
395 F 104 Complete wound wire headed pin, "G" 1500-1560 
type head 
7 F3 Complete wound wire headed pin, "A" 1700-1900 
type head 
160 F 47 Complete wound wire headed pin, "B" 1590-1630 
type head 
54 F23 complete wound wire headed pin, "F" 1700-1900 
type head 
1061 L2 complete wound wire headed pin, "B" 1700-1730 
type head 
53 F 23 Complete wound wire headed pin, "E" 1700-1900 
type head 
845 L2 Complete wound wire headed pin, "A" 1700-1730 
type head 
2 F1 Complete wound wire headed pin, "B" 1700-1900 
type head 
11 F3 Complete wound wire headed pin, "B" 1700-1900 
type head 
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685 F 737 Complee wound wire headed pin 1560-1590 
x2 "B" type head 
1233 L 10 Complete wound wire headed pin, "F" 1700-1730 
type head 
52 F 23 Complete wound wire headed pin, "All 1700-1900 
type head 
136 F 47 Complete wound wire headed pin, "A" 1590-1630 
type head 
50 F 23 Pin with a large ci rcular lens head 1700-190ýO 
738 L 1 Complete pin, spher ical head of "K" 1700-1900 
type 
273 F 42 Twisted wire loop, fastening 1590-1630 
272 F 72 Twisted wire loop, fastening 1590-1630 
741 L 1 Twisted wire loop, fastening 1700-1900 
787 L 2 Twisted wire loop, fastening 1700-1730 
557 F 330 Twisted wire loop, fastening 1670-1700 
234 F 42 Twisted wire loop, fastening 1590-1630 
1079 L 2 Twisted wire loop, fastening 1700-1730 
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ANALYTICAL RESULTS, ý 
SF ; /Cu XZn YSn ; /Pb XNi /Fe /Mn /Sb /As /Ag /Au 
Number 
494 71.6 25.5 - 2.5 0.4 N N---- 
545 68.2 27.5 - 2.7 0.6 N N---- 
19 69.5 28.7 - 1.2 0.6 N N---- 
38 73.2 25.5 - 0.7 0.6 N N---- 
1208 65.8 32.6 - 1.0 0.6 N N-- 
364 73.6 21.9 - 3.6 0.9 N N-- 
193 73.6 24.7 - 1.0 0.6 N N-- 
538 72.4 24.7 - 2.4 0.4 N N-- 
1169 76.2 21.7 - 1.6 0.4 N N--- 
575 59.8 25.6 - 3.9 0.6 N N--- 
10 71.3 27.0 - 1.1 0.7 N N- 
712 78.1 19.4 - 1.9 0.6 N N- 
567 70.9 27.0 - 1.5 0.6 N N- 
194 73.0 23.1 - 3.2 0.7 N N- 
421 70.8 24.9 - 3.8 0.5 N N-- 
73.3 24.4 - 1.9 0.5 N N-- 
195 not a nalysed successfully 
948 71.7 24.3 3.5 0.6 N N 
1213 79.5 17.7 - 2.2 0.5 N N-- 
506 68.6 26.3 - 4.3 0.7 N N-- 
591 66.4 25.3 - 7.6 0.7 N N-- 
482 69.0 27.0 - 3.7 0.4 N N-- 
75 82.4 14.8 - 2.0 0.8 N N-- 
659 75.3 22.2 - 2.0 0.5 N N-- 
14 65.0 28.3 - 4.8 0.9 N N-- 
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Number XCU /Zn /Sn /Pb /-Ni /Fe /Mn /-Sb /As /Ag /Au 
422 68.2 28.5 - 2.6 0.7 N N---- 
191 66.4 30.6 - 2.4 0.6 N N---- 
395 82.5 15.1 - 1.8 0.6 N N---- 
7 74.5 22.7 - 2.2 0.6 N N 
160 75.5 21.3 - 2.5 0.7 N N 
54 76.8 17.3 - 5.0 0.9 N N 
1061 75.4 19.2 - 4.8 0.7 N N 
53 65.6 32.2 - 1.6 0.6 N N 
845 73.0 22.7 - 3.5 0.8 N N 
2 71.0 25.4 - 2.9 0.7 N N 
11 71.2 23.1 - 4.7 1.0 N N 
685 76.3 18.6 - 4.3 0.9 N N 
1233 87.6 11.7 -- 0.7 N N 
52 75.6 20.1 - 3.7 0.6 N N 
136 not a nalysed successfully 
50 71.7 25.1 - 2.7 0.5 N N---- 
738 72.5 24.3 - 2.6 0.7 N N---- 
273 75.4 23.2 - 0.8 0.7 N N---- 
272 74.2 22.3 - 3.0 0.6 N N--- 
741 75.2 22.6 - 1.8 0.5 N N-- 
787 79.0 20.3 - 0.3 0.4 N N- 
557 75.7 20.9 - 2.9 0.6 N N- 
234 77.5 19.5 - 2.3 0.7 N N- 
1079 76.9 22.5 - 0.2 0.4 N N- 
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DISCUSSION 
This group of objects, 'consisted largely-. of pins with four 
wires and six twisted wire loops in addition. All but one of 
these objects was composed of leaded brass (one pure brass). 
This is a remarkably consistent alloy composition over 400 
years of narrow gauge wire production. There is no 
dete cted change in the composition of the 
wire between the dated periods of the sites occupation. 
There is also virtually no difference in the alloy 
composition between object types, with pins, wires and 
twisted wire loops having virtually the same composition. 
Similarly, any differences in alloy composition within any of 
these groups do not vary greatly with visual features, eg the 
variation in composition of the pins appears to only vary 
slightly'from one head type to another. 
One analysis, 1233, does stand out as different from the 
rest: 
i) Because of the occurrence of arsenic in this alloy 
ii) Because of its low zinc content <12% 
iii) Because there is no lead present. 
This is clearly a different metal from the rest of 
the 
objects in the group, though it appears identical in form as 
a pin to all other pins in this assemblage. Several other 
examples of arsenic and low zinc content alloys used to make 
pins and wires have already been noted eg Canterbury, Sandal 
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Castle (Caple 19831, Whitby etc. Clearly this metal type was 
available (though sparsely) throughout England during the 
late and post medieval period, for various copper alloy 
manufactures. 
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SALISBURY 
Salisbury museum had an interesting collection of medieval 
and post medieval pins. A selection of these were made 
available for analysis. 
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THE SAMPLES 
These comprised eight pins and two scraps of wire, all but 
two pins were from the "bed of the Avon by Fisherton Bridge" 
[9/571. They are undated finds - without association, ' save 
for occurrence with many other pins and pieces of wire. From 
the forms of pim head a post medieval date is likely. The two 
pieces of wire were just short cut lengths. The longer one 
was designated SAL 12, the shorter SAL 13. of the six pins, 
three were pins with wound wire heads. The "A" type headed 
pin was designated SAL 9. The "B" type head designated 
SAL 8, and the "C" type headed pin designated SAL 10. The 
three other pins sampled all had heads of "beret" type, 
irregular small spheroids, with a dimple or hole in the lower 
surface into which had been affixed or soldered the top of 
the shaft; these were SAL 6, SAL 7 and SAL 11. 
The two other pins analysed were from the Drainage 
Collection. The dating of these finds is again uncertain 
save that they are pre 1850, the date of their 
discovery in 
the City's drainage channels. Pins of similar type 
have come 
from the late and post medieval period, particularly 
fifteenth and sixteenth century contexts. They are 
both 
circular lentoid headed pins - the head made of a 
lead or 
solder filled cavity made between two sheet metal 
hemispheres, the shaft pushed into the centre of the 
head. 
These were designated SAL 3 and SAL 4. 
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THE ANALYTICAL RESULTS 
Sample 
Number /CU /. Zn XPb /Sn XNi /Fe XMn /Sb /As YAg /Au 
SAL 12 85.1 13.4 -- 1.4 0.2 -- 
SAL 9(/) 87.3 11.2 -- 0.8 0.5 0.2 - 
SAL 8(/) 83.1 14.6 -- 0.9 1.0 0.4 - 
SAL 10(/) '64.0 32.5 2.4 - 0.6 0.5 0.1 - 
SAL 6 79.3 17.0 2.8 - 0.4 0.4 0.2 - 
SAL 7 83.2 13.9 1.9 - 0.3 0.5 0.1 - 
SAL ll(/) 82.9 15.2 -- 0.8 1.0 0.2 - 
SAL 3 70.1 27.1 1.9 - 0.4 0.5 0.1 - 
SAL 4 75.5 21.0 2.5 - 0.7 0.3 0.1 - 
SAL 13 - pure ir on 
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DISCUSSION 
All the pins and wires (except SAL 13) are made of leaded or 
pure brass. This corresponds well with the observed results 
for pins and wire from other sites of medieval and post 
medieval date. 
In general terms the variable zinc percentage is lower tharý 
on many sites. 
it appears that the pins of the same head form have similar 
composition. The three "beret" headed pins (SAL 6,7 and 11) 
have,, 'I'Ow', ýzinE 'content, 'ý SAL6ý7 ' al'sio- lia'v-c "low 
t. wo-lenzoid-jýeaded-jkips- 
(SAL 3 and 4) have medium zinc, low lead content. The 
wound wire headed pins show a significant difference between 
the A and B type heads and C type heads, pure low zinc 
content brass for the former, and low leaded high zinc 
content brass for the latter. 
The'example of wire (SAL 12) has an unusual composition with 
minor amounts of nickel and arsenic present in the alloy. 
Examples of this type of alloy have been found, in small 
numbers, on a number of medieval sites, eg Sandal Castle, 
Ludgershall Castle, etc. 
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SANDAL CASTLE 
The excavations at Sandal Castle, near Wakefield, between 
1963 and 1975, yielded a number of pins from well dated 
archaeological contexts. The pins were examined and 
reported on [Caple C 19831. 
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SAMPLES 
Report No Site Code Date 
70 SC 72 BDC 3 1123 1350-1450 
wire, partially coiled 
66 SC 72 BDZ 3b 111 1350-1450 
Wire 
63 SC 72 BDA 2a 776 1450-1500 
Wire, circular cross section 
11 SC 72 BDZ 1 727 approx 1500 
Wire, tapering, sub-rectangular cross section 
10 SC 73 AHF 1 2229 1450-1500 
Wire, with stri ations 
36 SC 72 BDA 1 216 approx 1500 
'A' type WWHP 
40 SC 72 BDC 1 262 approx 1500 
Shaft for pin, complete 
71 SC 72 BDZ 3 932 1350-1450 
IB' type WWHP 
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ANALYTICAL RESULTS 
SF No /Cu /Zn ; 'Sn /Pb /-Ni /As 
1123 84.6 13.2 -- 2.2 
911 87.3 11.1 -- 1.6 
776 80.3 18.8 -- 0.9 
727 89.9 9.1 -- 1.0 
2229 88.5 10.2 -- 1.3 
216 87.3 10.4 -- 2.3 
262 87.9 12.1 -- - 
932 85.8 13.1 -- 1.1 
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DISCUSSION 
The analytical results from this site have a number of 
similar features: 
They are all pure bras I ses, no trace of lead or tin' is 
observed. This single metal type may suggest only a 
single type of metal was available, or this metal alone 
was chosen for making pins and wires. 
The metal composition varies without regard for the type 
of object, pin or wire, or date of the object. 
iii All the alloys contain arsenic and, all but, one, 
measurable quantities.. of nickel. _ 
These unusual 
trace/minor elements have been noted in alloy 
composition of pins from other medieval sites, eg 
Canterbury. In most oth I er instances this unusual alloy 
is represented by one'or two instances per site, the 
fact that all eight analysed objects from this site were 
made of this alloy is most unusual. Clearly this 
unusual metal supply, whose products were only 
intermittently seen throughout the rest of medieval 
Britain, was the major metal supplier to Sandal'Castle. 
iv The zinc contents of the brasses are lower than those 
usually seen in medieval copper alloys of the 14th-16th 
century; but these low values correspond well with 
the 
zinc percentages observed in other arsenic and nickel 
rich alloys. 
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SUMMARY OF THE ANALYTICAL DATA 
CONSIDERED BY SITE 
From the data presented and considered site by site, on an 
individual site basis, several constant factors clearly 
emerge: 
A specific alloy is not unique to a site. 
The alloy compositions vary widely on any single site. 
where any correlations have been noticed it is either a 
correlation with pins of a certain head type, with 
objects of a certain date or period, or the distribution 
of an alloy type over a wide range of sites, eg the 
nickel, arsenic rich alloys. 
Thus, though the evidence from the pins is usually available 
by site, or from a group of sites retained by an 
archaeological trust or museum, the analytical results are 
not meaningfully considered as a discrete site variable, but 
rather in comparison with analytical data of the same 
chronological period, or from the same head type. To date 
little or no correlation with geography has been noted. 
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RESULTS: BY HEAD TYPE 
Though a number of different pin head types were analysed in 
this study, several limiting factors were encountered: ý 
There were for some periods, eg 400-1200 AD, very few 
examples available* The pin heads themselves have a 
high value as an object (for the archaeologist) and thus 
often only one or two analyses were available for a 
given head type. Indeed it was often not possible to 
analyse certain head types. The paucity of analyses, 
therefore, prevents any meaningful correlation of metal 
type and head form being made for most early pin types. 
Many of the pin heads, as shown in Chapter 2, have very 
long lived head forms, particularly simple head types 
(those most readily available for analysis) eg spherical 
or polyhedral heads. Thus any given pin head could 
usually come from any one of a variety of periods or 
cultures, and been made from the metal commonly used in 
or by any one of a variety of periods, places or 
cultures. 
The above factors, though very relevant in the period pre 
1200 AD, are not so prevalent thereafter, and later medieval 
pin head types can be more accurately (or not) correlated 
with composition. 
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LARGE SPHERICAL HEADED PINS. 
These pins usually come from Roman or Saxon datel 
sites, occasionally occurring as redeposited finds, as in the case 
of Chester, NGB 74 Q 
/17\. 
As shown in Table 11.1 there is 
a large variety in the composition of the alloy types used to 
make this particular type of pin head. 
TABLE 11: 1 
Pin Form Zinc Tin Lead 
Large Spherical 20.2 0.3 1.8 
Head 18.9 1.3 2.3 
1.0 6.0 2.5 
5.6 5.3 14.0 
17.6 1.1 - 
2.6 15.9 5.8 
15.4 0.8 1.0 
- 7.1 5.4 
1.5 4.7 11.1 
3.9 8.3 6.0 
13.3 2.3 1.2 
- 0.3 - 
24.2 - - 
18.1 0.4 0.6 
15.8 3.1 0.2 
This variety of composition matches well the variety of 
results seen in general in the Roman and Saxon period. 
Clearly no specific alloy was used to make pins with 
large 
spherical heads. The same is true of other common head 
forms 
where there are several analyses available: biconical 
(six 
analyses), polyhedral (three), and biconical with flattened 
equator head (three). All have a variety of alloy 
composition from brass, to quaternary alloys, to bronze. 
Thus, with common early pin form no distinctive alloy can be 
seen. A similar conclusion to this was also reached by Paul 
Wilthew doing 
XR 1-7 anal'ysis. on the unpr 
- 
epared surface of a'selection of, j)'ins 
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from Middle Saxon contexts in Southampton for the HBMC 
(Ancient Monuments Lab Report No. 4334). 
A group of-less common pin head forms from general Saxon and 
Anglo Scandanavian contexts from Canterbury, Whitby and York, 
have shown some analytical correlation. Spiral headed pins 
(three analyses), -and flat headed pins (seven) have both been 
shown to be made consistently of lightly leaded bronze (see 
Table 11: 2). This is clearly a specific restriction in the 
alloy composition of this object. The external qualitative 
analyses of Paul Wilthew again agree well with this finding. 
In his analyses, all seven of the spiral headed pins he 
analysed were leaded bronze-. Similarly, the few flat headed 
pins of various forms were found to be made of bronze or 
leaded bronze. 
TABLE 11: 2 
Pin Head Form 
Spiral Headed 
Pin 
Flat Headed Pin 
Zinc Tin Lead 
- 16.9 3.1 
- 10.1 2.6 
- 10.0 2.6 
- 12.9 2.1 
2.2 13.1 3.3 
- 21.4 3.5 
- 9.1 2.4 
- 7.4 1.7 
- 8.2 4.7 
- 12.6 9.6 
The consistency of relationship between these head forms 
(spiral and flat) and a single alloy type (bronze and leaded 
bronze) is surprising. The spiral headed pins are clearly a 
long lived form of pin head having come from as chronically 
diverse contexts as a 6th century grave (O'Ne', l H 1960/1) and 
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an llth century stratified urban deposit. The fact that only 
a single alloy type was used implies a restriction in metal 
use. Given that no technical reason exists for the 
restriction, 
_, 
the cultural diversity of the contexts in 
which the pin has been found suggests its use was not 
restricted to a single cultural group or type, but that the 
most likely reason for restriction is economic. 
0 
It would 
seem unlikely that a single factory site (producing the pins) 
would survive in production for the length of time during 
which this pin appears in the archaeological record, thus it 
may most reasonably be proposed that wherever this pin was 
made (the various factory sites) it was always more economic, 
to use leaded bronze rather than any other metal. Thus a 
distinct bronze or leaded bronze metal supply might-well have 
existed over this period to preferentially supply a number of 
working sites, which produced products such as the spiral and 
flat headed pins. 
1-, (D--See cliapt_cr_1,3___ 
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In the medieval and post medieval period there are a larger 
number of pin samples, thus a larger number for analysis 
were available. These show a similar situation to that seen 
in the pins of the earlier period. 
The common pin head types vary widely in their composition, 
within the range of composition seen during the period eg 
wound wire headed pins, types A and B. However, the more 
specific head types, eg K type or upset headed type of pin, 
have more restricted compositions. 
In Table 11: 3 the compositional range of the major alloying 
elements for the major medieval and post medieval pinhead 
types is listed. It is interesting to note that: 
Although there is clearly a restricted range of 
compositions for every pin, it will be shown in the 
following section that , this compositional range 
invariably matches all the other objects of the same 
period, and that the limiting factor in composition 
is 
date rather than head type. 
In a few cases (the K type head and the lens headed pin) 
there does appear to be some restriction 
in the 
composition, greater than that generally seen over 
the 
period. This is a very provisional assessment as 
the 
date range for these two types of pin are not yet well 
established - see Chapter 2- and thus 
their 
composition, provided by only a few analyses, may be 
deceptively narrow. 
iii It is interesting to note that differences in 
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composition are observed between the A, B and C types of 
wound wire headed pin. Differences in composition 
between these types of heads were noted in the site 
reports, and were reported earlier [Caple and Warren 
19831. This la'rgest sample' of analyses reveals that 
there is a wide range of compositional variation in both 
A and B type heads, and that on an analytical basis they 
are barely distinguishable. Indeed the ranges of their 
zinc content - graphsll: 4 - are quite complementary. 
There is, however, a clear break compositionally between 
the A and B type heads, and the C type head. A much 
higher range of zinc content is seen in C type heads - 
graph 11: 4C. A marked drop in the tin content between 
the A/B type heads and the C type heads is also 
noticeable - table 11: 3. This clearly emphasises the 
difference noted visually and technologically between 
these pin head forms, and in view of the observed 
variation in composition with date - see the following 
11A, ialjor, section ferenceAthe-raw mater - suggests a dif 
f'ý 
_51 
nd- the 
- 
III(--- thod 
-- 
of 
--- 
marillf 
- 
ac 
- 
tu 
- 
re 
the later sources of these head, ý-Wes-- Certainly all 
quoted in chapter 7 of 18th and 19th century date speak 
only of the stamping C type method of head formation. 
iv The beret heads are the most widely diverging, 
compositionally, of the medieval date pin head. They 
appear to comprise pins made both of brass, usually 
leaded, and quaternary alloy, with 1-6% tin and 4-14% 
zinc - see graph 11: 5. This may mark the use of two 
different types of metal for the manufacture of these 
pins. The high medieval period date for these pins, 
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1200-1400 AD, may, therefore, have two types of metal, 
or a changing type of metal, available at, this date. 
The explanation of the metal variation as due to two 
different workshops or factories is unlikely in view of 
the role in each town of guilds at this period, and the 
wide range of locations of the samples- in this study. 
In summary, some distinctive pin head types do appear to have 
restricted composition. The common pin head types have 
compositions as variable as the alloys available-at that 
date. The restricted compositions that are seen in 
association with certain pin heads are probably related to 
differential metal supplies since examples of any given pin 
head type are usually so widely spaced in time and distance 
as to discourage the idea of thern being a single factory's 
product. 
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TABLE 11: 3 
Analytical Compositional Range of Various Pin Head Types: of 
the Medieval and Later Periods 
Number Zinc Tin Lead 
nR SD 3E SD 5E SD 
Wound Wire 
Headed Pins 
A Type 55 
B Type 73 
C Type 34 
Upset Headed 
Pins 4 
Beret Headed 
Pins 22 
Lens Headed 
Pins 3 
K Headed 
Pins 6 
19.3 5.6 
21.6 5.2 
27.2 3.7 
32.2 1.3 
11.2 4.6 
24.4 3.11 
0.47 1.38 
0.49 1.27 
0.2 0.68 
0.3 0.6 
2.6 3.0 
2.6 2.1 
1.98 1.58 
2.34 1.8 
1.5 '0.56 
2.2 2.0 
2.37 0.42 
26.8 2.6 0.18 0.45 2.6 0.68 
GRAPH - THE VALUES OF ZINC CONCENTRATION WHICH 
11: 4A OCCUR IN 'A' TYPE WOUND WIRE HEADED PINS 
15 
13.5 
12 
F 10.5 
R 
E 
Q 
u 
E9 
N 
c 
y 
7.5 
6 
4.5 
3 
1.5 
0 
ZINC 
GRAPH - THE VALUES OF ZINC CONCENTRATION WHICH 
11: 4B OCCUR IN 'B' TYPE WOUND WIRE HEADED PINS 
15 
13.5 
12 
F 
R 10.5 
E 
Q 
u 
E 
N9 
c 
y 
7.5 
6 
4.5 
3 
1.5 
0 
ZINC 
GRAPH - THE VALUES OF ZINC CONCENTRATION WHICH 
11: 4C OCCUR IN 'C' TYPE WOUND WIRE HEADED PINS 
15 
13.5 
12 
10.5 
F 
R 
E 
Q9 
u 
E 
N 
c 
Y 7.5 
6 
4.5 
3 
1.5 
0 
ZINC 
GRAPH 11: 5 - BERET HEADED PINS: ZINC % VS. TIN % 
35 
31.5 
28 
24.5. 
z 
I 
N 21 
c 
17.5-- 
14 
fxx 
Tx 
10.5t Xx 
xx 
7 
3.5 
x 
xx 
K ------------------------------------------ 8 12 16 20 
TIN % 
Chapter 12 
RESULTS BY PERIOD 
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The analyses in this section are now considered period by 
period. This is based primarily on the consideration of the 
major alloying constituents, tin and zinc: the lead content 
being observed to be a secondary content, invariably altered 
depending on the method of metal working. The zinc and tin 
contents are displayed graphically for each period, every 
point on the graphs representing one or more actual analysis. 
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ROMAN : 0-400 AD 
If the results of the Roman period are regarded in total 
(analyses from Richborough and Catsgore) an xy plot of zinc 
vs tin percentage - graph 12: 1 - reveals a wide range of 
alloy compositions used over the period: CL 
concentration of, high zinc, 10-20%, low tin, <4% (group Z), 
and low zinc, <4%, high tin, 10-18% (group T) results might 
be detected in the mass of data. The histograms of zinc, 
graph 12: 2, and tin, graph 12: 3, have distributions which 
also suggest the existence of these two groups. 
Observations of similar groups in a mass of Roman copper 
alloy analyses have been made by Bayley [Bayley Butcher & 
Cross 19801. Groups of >6% zinc <4% tin and <6% zinc >4% tin 
were observed by Craddock [Craddock 19751 in his mass of 
analyses: a variable tin percentage for metals with <4% zinc 
(ascribed to uncontrolled metal mixing); an inverse 
relationship between zinc and tin between 5% to 20% zinc 
(deliberate use of scrap metal) and pure brasses at >20% 
zinc. If Craddock's results for small decorative objects 
alone are used - see graph 12: 4 - then the first group he 
observed is merely seen as a series of pure (leaded) bronzes, 
with variable tin and no zinc. The latter two groups 
-r, e- observed &s previously. The histograms of zinc 
distribution - graph 12: 5 - from these results shows similar 
distribution to the Richborough results, but the tin 
distribution - graph 12: 6 - shows the preponderance of low 
tin bronzes present in Craddock's data, compared with high 
tin quaternary alloys in the Richborough data. This may 
GRAPH 12: 1 - ANALYSED EXAMPLES FROM THE 
ROMAN PERIOD: 0-400 AD. 
ZINC % VS. TIN % 
35 
31.5- 
28 
24.5+ 
z 
Ix 
N 21 
c 
x 
17.5--XX 
%x 
xx 
xx 
x 
14 x 
x 
x 
x 
xx 
10.5.. xx 
x 
x 
7 x 
x 
x 
x 
3.5 
1XXx xx xx 
0 
xxxx 
xxxxx 
xxxxx 
x 
------------ X ----- X-XX --- X-Xr-X+-X -------- 048 12 16 20 
TIN % 
GRAPH - ANALYSED EXAMPLES FROM THE ROMAN PERIOD: 
12: 2 FREQUENCY DISTRIBUTION OF THE ZINC 
CONTENT 
30 
27 
F 
R 
E 24 
Q 
u 
E 
N 
C 21 
y 
I 
N 18 
p 
E 
R 15 
c 
E 
N 
T 
A 12 
G 
E 
T9 
E 
R 
m 
s 
6 
3 
0 
ZINC 
GRAPH - ANALYSED EXAMPLES FROM THE ROMAN PERIOD: 
12: 3 FREQUENCY DISTRIBUTION OF THE TIN 
CONTENT 
30 
27 
F 
R 24 
E 
Q 
u 
E 
N 21 
c 
y 
1 18 
N 
p 
E 15 
R 
c 
E 
N 
T 12 
A 
G 
E 
9 
T 
E 
R 
m 
S 
3 
0 
TIN 
GRAPH 12: 4 - SMALL ROMAN DECORATIVE METALWORK OBJECTS 
AFTER CRADDOCK 1975: ZINC % VS. TIN % 
35 
31.5 
28 
24.5 
z 
I 
N 21 
c 
17.5 X 
xx 
xx 
:1x 
x 
14 X 
xx x 
x 
xx 
10. 
7 
3.5 
0 
x 
xx 
x 
x 
x 
xx 
; -xxx--x-xxxxxxx-xxxx-xxxxxX ----------------------- 048 12 16 20 
TIN 
GRAPH - SMALL ROMAN DECORATIVE METALWORK OBJECTS 
12: 5 AFTER CRADDOCK 1975: FREQUENCY 
DISTRIBUTION OF ZINC CONTENT 
30 
27 
24 
F 
R 
E 
Q 
U 21 
E 
N 
c 
y 
18 
I 
N 
15 
p 
E 
R 
c 
E 12 
N 
T 
A 
G 
E9 
T 
E 
R 
m 
s 
3 
0 
ZINC 
GP, APII - SMALL ROMAN DECORATIVE METALWORK OBJECTS 12: 6 AFTER CRADDOCK 1975: FREQUENCY 
DISTRIBUTION OF TIN CONTENT 
35 
31. f 
28 
F 
R 
E 24.5 
Q 
u 
E 
N 
C 21 
y 
I 
N 17.5 
p 
E 
R 14 
c 
E 
N 
T 
A 10.5 
G 
E 
T7 
E 
R 
m 
s 
3.5 
0 
TIN 
476 
occur as a result of the inclusion of much Western Empire 
continental material in Craddock's data compared with the 
I 
(D 
largely British Richborough data, which had more ready access 
to the British tin supplies. 
A smaller, third set of analyses of small copper alloy 
objects from the Hadrian's wall area [Smythe 19381 also shows 
a wide range of compositions - graph 12: 7. 
The inference to be drawn from the Richborough and Catsgore 
results, as well as from those of Craddock, is that no 
specific copper alloy composition existed in the Roman period 
for the manufacture of small copper alloy artifacts. As no 
special properties were required, the manufacturer merely 
cast his object in whatever copper alloy metal was most 
readily available. This metal we can describe as the "stock" 
metal, ie the metal which was in stock at the time. This 
metal's composition varied from time to time and place to 
place, and was invariably composed of scrap and raw metal, 
whatever was availableý 
It may be possible, in view of the slight groupings noted 
earlier (groups Z and T) to suggest, tentatively, that 
for 
some reason two forms of 'stock' metal were seen as a result 
of time, geography, etc. For whatever reason, 
two 
concentrations of variable mixed metal composition are seen 
in Roman analyses in general. 
The concept of a mix or 'stock' metal was also postulated by 
Craddock [Craddock 1978 p131 in explaining the occurrence of 
his results. Caley [Caley 19641 had observed from the 
lead content 'of l tile '11'eta 
l ig', dealt witil seperately see 
ýe5 12. 
Lp 
hou . 11"it w ve, ill'lia 2 i6dIuded 111Y iiiiporLed ' I',, jAeces-. *--,, 
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analysis of Roman coins (sestertii and dupondii) that the 
brass, first introduced as a coinage metal in the first 
centuryr6. C., initially haa a high zinc content. The zinc 
content in copper alloy coins declined until by the 4th 
century they had virtually no zinc content at all. Caley. 
therefore, suggested that zinc production has ceased during 
the 2nd century. Craddock [Craddock 19781 showed that whilst 
declining in coinage, the zinc content in decorative 
metalwork remained virtually constant. only specifically 
high zinc brass (>22% zinc). disappeared after the lst 
century. This appears to denote a distinction between the 
metals commercially available for decorative metalwork 
producers, essentially freelance factories, and that used by 
an official mint. This situation was again emphasised by the 
presence of tin liberally occurring in the decorative 
metalwork products of the factories and workshops of the 
Western Empire, whilst the coinage after the high zinc brass 
of the first centurý was diluted with covVer \ým5eA- C&'ý 
mints. 
This combination of some strict control in composition 
(possibly official) and the freedom in composition in the 
analytical range, seen by Craddock -and the results from 
Richborough, has been more readily understandable in recent 
years from the analyses of Justine Bayley. 
Analyses of large numbers of Roman brooches [Bayley, Butcher 
and Cross 19801 [Bayley and Butcher 1980] has established the 
fact that in certain brooch types only certain alloys were 
used - see table 12: 1. Further results of this work are 
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displayed in visual form - see graph 12: 8 - compiled from 
MO,,, L-&x laboratory reports 3781,2766 and 3188 by J Bayley. These 
results, together with table 12: 1, illustrated that the 
compositional variation within a brooch type, or within a 
single site or period, was not large. This indicates a 
degree of control and uniformity, almost certainly associated 
with a as has been found at Norlnoux 
on the Scilly Isles. At sites which have a long life, eg 
Richborough, Bayley has reported some variation, with 
chronology in the composition of the brooches probably 
pointing to variations in the metal supply over a period. A 
similar story is seen of object and analytical variation in 
Lindberg's results [Lindberg 1 19731 for continental late 
Roman bowls - graph 12: 9. 
Bayley noted in observing the brooch compositions - Table 
12: 1, that although seen in total there are a spread of 
compositions, the high zinc low tin regions have 'particular 
concentrations of results. If one accepts 
ALz thesis of 
sites (in view of a very small number of 
the compositional invariability in many brooch types) then 
particularly those of the first and second 
century may well have possessed semi-official status 
between 
that of a mint and a freelance metal producer. Thus, with 
regular markets a --A-A-ý may well have been supplied with 
raw metal (copper, brass, bronze etc) to make its products, 
and the occurrence of the two predominant groups of analyses 
may well indicate two forms of metal raw material Wa high 
zinc low tin brass, and (ii) a low zinc, medium and high tin 
bronze. 
GRAPH 12: 8 ROMAN BROOCH COMPOSITIONS FROM VARIOUS 
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TABLE 12: 1 
Brooch Type A-r-%ss-o-, 0-60 AD 
Pure brass 
Brooch Type Colchester A, 0-70 AD 
Nauheim derivativ4ý'- 
Hod Hill 
>60%, some bronzes and copper/tin/zinc alloy-- - all <6% 
lead 
Brooch Type Colchester B, 50-80 AD 
Polden Hill, late lst century 
Dolphin, late lst century 
Invariably leaded bronzes, some have just a few % zinc. 
Brooch Type Bow (GB), late lst/early 2nd century 
Leaded bronze 
Brooch Type Bow (Euro), late lst/early 2nd century 
Quaternary alloy, copper/zinc/tin/lead variable 
Brooch Type Knee, late 2nd century + 
Variable leaded bronze 
Brooch Type Sheath VootA-ý" , late 2nd century + 
Some leaded bronze and some low leaded brass (possibly 
GB Euro split? ) 
Brooch Type Plate, lst and 2nd century 
Early ones brass, later more lead. 
. Brooch Type Developed Cross (bow 
3rd and 4th century 
Earlier types mainly leaded bronze, usually some zinc. 
Later types are lightly leaded brasses, often some tin. 
It is probable that this raw metal supply together with 
scrap, was the metal available for the smaller metal object 
producers, which give rise to many of the more variable alloy 
compositions. Analyses of large groups of Roman material 
(Craddock 1975) and the Richborough analyses, encounter the 
products of the brooch factories and the more variable 
composition products of other small metal object producers, 
which gives rise to the observed spread of results, and 
accounts for the groups of similar composition (Groups Z and 
T) noted therein. 
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Any argument that the type of brass used in the lst and 2nd 
century, with declining central Roman power was largely 
replaced by leaded bronze in Britain in the 3rd and-'14th 
century, is superceded by the aýknowledgment that both types 
of metal, brass and bronze, are seen throughout the Roman 
period - graph 12: 8 - and it is only their degree of 
prevalence which changes, together with the status, or place 
in the metal system of the user. 
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SAXON : 400-900 AD 
The immediate post Roman period is virtually unrepresented by 
analyses in this study. Several groups of analytical data 
are, however, available for this period. A series of 6*-%', -, s 
from 4th and 5th century Belgian graves [Werner J 19571 and a 
series of Germanic period brooches from Eketorp [Nasman 19731 
have been published - graph 12: 10. These show a spread of 
analytical data similar to that of the Roman period, although 
there is a lack of the 'brass' based and 'bronze' based 
groups noted in the Roman period, rather a concentration of 
the Eketorp results in the low zinc, <4%, medium tin 4-9%, 
tin bronzes be noted. In both these articles, the author 
explained the spread of results in a negative manner, as the 
utilisation of waste or scrap Roman metal (together with some 
new metal in the case of Werner), r ather than noting the 
positive quality of there being no necessity for the use of a 
specific alloy for the manufacture of these products, thus 
allowing the metalworker to utilise the metal most available 
or economically advantageous, Im. -11 \-Ox * 
A further series of results, for saucer brooches from 5th and 
6th century graves in Britain, has been made available to me 
by Dr T Dickinson. The results obtained by Dr P Northover 
are for pairs of brooches, and on an overall basis - graph 
12: 11 - show a fairly restricted range of compositions 
(Compared with the results of Nasman and J Werner). Two 
pairs of brooches have zinc contents of approximately 10%, 
the rest have <4% zinc, and variable medium tin contents. 
Again a concentration of 4-9% tin is noticeable as with the 
GRAPH 12: 10 - COMPOSITIONS OF BROOCHES AND BASINS FROM 
NORTHERN POST ROMAN EUROPE, AFTER NASMAN 
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Eketorp results. These saucer brooch results can also be 
analysed with regard to the variations within the group, and 
between the pairs (of brooches). This gives a picture of the 
degree of control of alloy composition used in this period. 
Upon comparing the alloy composition with (i) date and (ii) 
object form [Dickenson 19821 with the exception of a pair of 
brooches made from nearly pure copper, and the two pairs-with 
high zinc content,, no significant elemental correlations or 
groupings could be established. It is only when the total 
variation of a single element between all the brooches is 
compared with its variation within a brooch pair, that some 
form of deliberate control of the alloy is seen, in this case 
between the two brooches of the pair of brooches. 
Element Group Pair 
MD* SD MD* SD 
Tin 3.006 2.196 2.135 1.312 
Lead 0.920 0.648 0.738 0.748 
Zinc 3.087 3.154 0.834 0.978 
* Mean Difference between brooches in total group. 
There is clearly no great difference in the distribution 
between the group as a whole, or in the two brooches of a 
pair in the case of tin and lead. The zinc figures show a 
considerable change between the variation in the group, and 
a 
much reduced level of variation in a pair. This information 
is shown in a visual form in Graph 12: 12. 
From the levels of zinc and decorative similarity, it seems 
likely that a pair of brooches was made at the same time and 
place, by the same people. However, there was deliberate 
control, making some features which are similar between the 
GRAPH 12: 12 Comparison of zinc, lead and tin values between 
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brooches eg motifs or zinc content, and 
motifs and tin and lead content. The 
between metals makes it certain that the 
from a single crucible for both broo, 
scenario where two separate crucibles of 
some 
lack 
metal 
ches, 
molb 
I different eg 
of similarity 
was not poured 
but rather a 
an metal were 
made up, with the zinc based raw material (brass - scrap or 
native metal) being roughly evenly divided between the twc 
crucibles. The remaining metal for the crucible was more 
randomly selected, ie different pieces of leaded bronze 
material for each crucible: thus giving rise to the roughly 
similar levels of zinc but different levels of tin and lead. 
This scenario might be 
placed on the brass or 
4 ýýW04TUS 
other piece-Isocial or 1ý7v 
or worth) whilst the u: 
suggest a ready supply 
used to suggest a 'high' value being 
brass object, perhaps an old brooch or 
economic value might apply, eg magic 
nspecific use of the leaded bronze may 
of this 'cheap' metal. 
In general, 'these 5th and 6th century results do not appear 
similar to the types of result obtained in the Roman period. 
Low zinc bronzes (although not pure bronzes) are rare in 
Craddock's data, or that from Richborough. 
Experimental results of the reuse of Roman objects as scrap - 
see graphs 13: 3-13: 9 - do not produce results similar 
to 
these 5th and 6th century analyses, which appear a distinct 
series of results. These analyses must have been created, as 
has been suggested, in a far more complex metal usage system 
than has previously been encountered. We do not yet have 
sufficient results, or information, to detail this system 
more fully. 
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The final set of post Roman, or more accurately Early Saxon, 
data comes from the early 7th century9 When all the results 
of the analyses [Oddy 19831 of the grave goods from Sutton 
Hoo are viewed together - graph 12: 13 - it can be noted that: 
The spread of the resdlts is similar to that noted in 
the Roman period 
There is a significant level of inverse proportionality 
between the zinc and tin contents. 
Oddy noted that when the objects were divided upon stylistic 
grounds into 'Saxon' and 'Celtic' types - see graphs 12: 14 
and 12: 15 - clear analytical groupings were achieved, with 
the definition of a variable Saxon alloy 2-12% zinc, %-17-% 
tin; a leaded bronze Celtic alloy 7-22% tin, <2% zinc (Celt 
1); and a high >16% zinc (>3% tin) brass, almost certainly an 
imported 'Germanic' alloy (Celt 2). 
The leaded . bronze Celtic alloy-, o-seen as a continuation of 
the prehistoric bronze making tradition (with the addition of 
zinc rich copper ore, or small percentage of scrap, to 
account for the zinc). It would, however, also appear to 
match well with the tin rich results obtained 
in the 
Richborough data (Group T), possibly the continuation of a 
bronze producing tradition throughout the Roman and Dark 
Age 
period, with a gently rising zinc content, from the use of ZýV%C. 
The pure brass alloy clearly indicates production of 
a fresh brass metal at this date, no reuse of Roman scrap or 
remelting could create the Celt 2 type metal in view of the 
low tin and high zinc contents. It remains to be seen if 
Thougli aI loys -, of 
this per iod. are aI so discu - ssed in ihe 900 - 1 10 bADý___s'e_c`t_i o*n 
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this is a continuation of brass making in the Roman metal 
centres and traditions, or is a reestablished tradition. The 
'Saxon' metal may well be reflecting a true mixed composition 
metal, possibly drawing from several sources of metal (scrap, 
Celtic leaded bronze, fresh brass supplies) to form a copper 
alloy whose composition, in view of its likely use, was not 
critical (as shown by its analytical variation, ic-a 'stock' 
metal). 
The results from this study of Saxon date come mainly from 
Middle/Late Saxon contexts, eg Whitby, Coppergate, etc. They 
show dramatically - graph 12: 16 - the existence of two 
separate alloy types: 
i Brass - >15% zinc, <3% tin 
ii Bronze - <6% zinc, variable tin 6-20%. 
These high zinc and variable tin content alloys can be seen 
also in the results of the elemental distribution of zinc and 
tin - graphs 12: 17 and 12: 18. This polarisation matches 
well the observed Celtic results - graph. 12: 15 - of 
7th 
century Sutton Hoo (and the Z and T groups of 
the Roman 
period). 
A pure brass virtually uncontaminated, certainly not reused 
Roman scrap but a freshly created metal, again implying 
brass 
production at this date. The 
number of analyses of brass and its occurrence as a metal 
used in pin manufacture, a simple everyday item, implies no 
great intrinsic value, thus suggesting it has not been 
imported over a great distance, making European production 
GRAPH 12: 16 - ANALYSED EXAMPLES FROM THE 
SAXON PERIOD: 400-900 AD. 
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much more likely than importation from the lands of Islam 
[Craddock 19791. 
The leaded bronze, some examples with low zinc contents, 
matches well the Celtic leaded bronze of the preceding Roman 
and 7th century periods (invariably >6% tin) -a continuing 
prehistoric tradition?. 
The mixing of the two sources, which had been noted 
in the Roman and earlier Saxon period, is not seen in "these 
results. This may suggest ready supn-%. -s- of the raw metal 
were readily available, obviating the need for large'scale 
reuse of scrap metal. Whitby and York, from whence most of 
these analytical results have come, were fortunately, placed 
geographically, having Celtic areas of- 
Highland Zone Britain, and easy access via the North Sea to- 
European products. 
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ANGLO-SCANDINAVIAN : 900-1100 AD 
As there were virtually no published analyses of copper 
alloys of this date it was necessary to utilise both 
unpublished analyses from Lincoln [R White unpublished 19821 
and a more tenuous series of comparable data, utilising 
published coin analyses. 
The available coin analyses start 
centuryt running through to the llth 
composed of silver, debased by the a( 
For this thesis the composition 
re-evaluated, and a series of likely 
debasement derived. 
in the preceding 8th 
century. The coins were 
Iditon of a copper alloy. 
of these coins was 
copper alloy used for 
The metal added to the silver, in order to debase it, ie 
raise the value of the coinage above the intrinsic value of 
the metal in it, can be presumed to have fulfilled two 
properties: 
Appearance. When added to the silver would create a coin 
which, appeared or looked as much like the- pure silver 
coin as possible (in order to keep confidence in the new 
coinage) thus weight/colour and wear must appear as 
similar as possible to pure silver. 
2 Cost. The added metal must be as cheap as possible 
in 
order to create the maximum difference in value between 
the new coinage and pure silver (or coinage of previous 
issue) the net value gain to the treasury. 
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To achieve this criteria 
silver coinage to debase 
tin, which would also be 
added to silver it forms 
coinage. one might, the 
in coinage increasing 
debasement. 
the most likely 
it is copper (m 
suitable). When 
a hard silvery 
refore, expect to 
as the silver 
metal to add tc 
ore plentiful than 
copper (<30%) is 
alloy, ideal for 
see copper content 
content fell with 
Analyses of the Saxon coins [Metcalf 19781 [Gilmore and 
Metcalf 19801 [Mckerrel and Stevenson 1972] show that pure 
copper is rarely added to debase the silver coinage - but 
rather a copper alloy with zinc, tin and lead often present 
was added to debase the silver metal coin. * 
Henceforth the term debasement alloy will 
refer to the composition of the copper alloy 
of coinage metal, ie without Ag or Au content. 
If one removes the Silver content from the coin analyses, 
then looks at the other elements rounded up to 100%, this can 
represent either: 
The composition of the copper alloy added to the pure 
silver to make the coinage metal, or 
2 The changing composition of the coinage alloy as 
base 
metal (copper alloy? ) is continually added to it. 
Either effect might be seen, as it is unknown if the coinage 
metal was made up 'fresh metal' each time from the 
base 
metal, or if old coins were recalled and their composition 
changed (when the coinage is becoming debased the addition of 
base metal to old coinage metal would be the simplest form, 
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increasing the volume and therefore wealth [but not worth] 
oý the new coinage). The results from three sets of analyses 
have been looked at in this manner - Table 12: 2 [Metcalf 
19781 Table 12: 3 [Gilmore and Metcalf 19801 and Table 12: 4. 
[Mcl<errel and Stephenson 19721. 
Table 12: 2 Metcalf DM "Chemical Analysis of 
English Sceattas "Brit Num Jour 1978 
Vol 48 ppl2-19 
Saxon Sceatta coinage analyses, coins from the first half of 
the 8th century (700-750) from southern England. -, - 
All elements (except silver) expressed as percentage of 
Silver percentage expressed as part of tr-tjLe- 
(the sceattas are placed roughly in chronological 
order). 
Ident Nu mber Cu % Zn % Sn % Pb % Ag % 
EARLY THRYMSA 
G101 64.9 12.1 3.5* 19.6 85.6 
SERIES A SCEATTAS 
0185 A2 2a 76.8 14.7 2.8* 5.6 91.8 
'0186 A2 2b 78.2 3.6 - 18.2 95.5 
0187 A2 4f 83.7 - 16.3 94.1 
0188 A3 2b 90.6 - - 9.4 94.7 
0189 A3 15a 84.7 - 1.5* 13.9 94.2 
SERIES B SCEATTAS 
0190 84.6 - 6.2* 9.2 94.1 
0191 73.8 - 1.6 24.6 95.4 
0192 84.2 - - 15.8 95.2 
0193 77.3 5.9 16.8 95.1, 
M7 83.1 - 3. i 13.8 94.4 
0194 69.2 4.6 13.8 12.3 94.3 
0195 78.8 - ý9.4 
11.8 92.5 
SERIES C SCEATTAS 
066 74.1 5.2 7.4 13.3 94.3 
067 82.0 2.4 5.6 9.9 93.7 
069 83.1 - - 12.3' 
93.9 
071 67.8 4.7 16.7 10.8 91.8 
SERIES D SCEATTAS 
0196 74.7 5.3 8.7 11.3 93.1 91 1 0197 85.5 - 5.0 9.5 . 94 0 0198 72.2 11.5 - 16.3 . 6 94 0199 67.9 9.7 6.7 15.6 . 93 0 0200 67.8 6.8 10.5 14.9 . 
SERIES F SCEATTAS 
G102 74.9 25.1 - - 94.3 
G103 75.4 2.3 2.3 20.1 94.1 
G104 73.8 2.3 9.1 14.8 94.4 
G105 87.7 - - 12.3 94.6 
Table 12: 2 (cont) 
Ident Number Cu % Zn % Sn % Pb % Ag % 
SERIES G SCEATTAS 
M8 78.2 7.8 - 14.0 91.6 
0201 85.7 - 14.3 - 37.0 0202 83.3 16.7 - 22.0 
SERIES H SCEATTAS (HAMWIC) 
H1 0203 59.4 2.9 26.1 11.6 87.9 
Ca 6 89.4 - 7.8 2.8 64.0 
H2 060 92.1 - 4.2 3.6 69.1 
H3 0204 75.6 - 13.1 11.3 68.4 
SERIES J SCEATTAS 
018 81.3 - 13.9 4.9 87.5 
Ca 3 73.8 - 10.3 15.9 93.1 
0205 75.4 - 15.5 9.1 89.3 
0206 61.4 17.8 14.7 6.1 88.4 
019 83.2 11.9 5.0 83.4 
SERIES K SCEATTAS (WOLF SCEATT AS) 
0206 bis 81.2 16.0 2.8 82.1 
0207 70.9 29.1 ? 85 
SERIES LS CEATTAS 
M9 93.4 7.6 47.5 
053 84.2 15.2 27.5 
049 86.9 13.1 23.5 
054 84.1 15.9 18.0 
052 66.2 23.8 20.0 
Huriccian style 
052 66.2 23.8 16.0 
0208 62.9 37.1 15.0 
No Zn or Pb f igures quoted for these analyses 
SERIES M 
M10 88.7 2.6 5.0 3.7 73.9 
0209 81.3 8,7 54.0 
0210 93.0 7.0 - 50.0 
0211 85.7 13.9 0.5 38.6 
SERIES 0 
050 94.5 4.5 1.0 55.2 
0212 93.5 4.7 1.8 61.3 
1 SERIES R 
075 88.4 ? 6.8 4.8 45.5 
077 77.0 ? 14.8 8.2 28.5 
Mil 87.0 11.2 1.7 49.6 
Ca8 85.4 12.1 2.6 73.8 
M12 92.4 4.8 2.8 40.4 
Table 12: 2 (cont) 
Ident Number Cu % Zn % Sn % Pb % Ag % 
SERIES S 
M13 97.5 1.9 0.6 48.8 
SERIES U 
Mercian 
0213 68.5 23.3 8.3 90.3 
058 85.0 12.9 2.1 82.1 
London 
M14 54.5 30.1 15.3 86.6 
059 90.4 7.8 1.8 80.3 
M15 78.2 17.5 4.3 67.4 
Archer 
0214 62.0 14.8 3.3 72.2 
SERIES V 
046 88.1 10.2 1.3 58.9 
These quantities are not very accurate 
From these results several conclusions or points of interest 
can be noted: 
There is a great variation in the composition of the 
debasement alloy (copper alloy part) of the coinage metal 
though only a period of approximately fifty years is 
covered. Both the silver content and that of the 
elements in the copper alloy vary widely. In general 
terms the percentage of silver declines with time. 
The high % of lead in the earlier sceattas corresponds 
with the high silver percentage content (graph 12-: 20) 
, possibly due to incomplete cupellation of 
the 
silver of the early coins with >85% silver having very 
variable percentage of lead. The varying elemental 
percentage of tin, zinc and lead in the >85% silver coins 
suggests that there was little control over what was 
added to the coinage metal at that stage. 
GRAPH 12: 20 - COMPARISON OF SILVER FINENESS OF SCAETTA 
COINAGE WITH THE LEAD CONTENT OF THE 
DEBASEMENT ALLOY 
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The coins with <85% silver content have very clearly mucb 
lower percentage of lead, although always approximately 
1% or less of the total composition. In the coins with 
<85% silver the relative decline of lead with silver 
suggests that as the percentage silver declined so did 
the lead, ie the lead was coming in largely with the 
silver. 
zinc was only usually seen with early coinage with high 
silver content >90% - generally zinc was not common, this 
appears to be the stage where what was added to the 
silver to make the coinage metal was not controlled. 
iv As the percentage of silver decreases the percentage of 
copper (of the total) and the percentage of tin (of the 
total) rises, suggesting that a form of bronze is the 
principal additive metal to the latter sceattas. The 
decline in the percentage of- lead (graph 12: 21), even 
relatively, shows that it was not a* leaded bronze but 
rather unleaded bronze was added to debase the coinage. 
vi All the values for tin and zinc obtained are reasonable 
values which might have occurred as in copper alloys, 
thus it is quite feasible that the analyses do represent 
the copper alloy metal which could have been added to 
pure silver (or melted coin metal) to make new more 
debased coinage (though values >18% tin are rare in 
contemporary analyses but are not by any means unknown). 
0 
@-Wllic'h. 
al')pear to have a constant ratio determined by ', the purity 
., 
', O-['-Cul)ellatiori of the period. 
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Table 12: 3 The Alloy of Northumbrian Coinage in the 
Mid-Ninth Century by GR Gilmore and DM Metcalf 
Northumbrian styca coinage analyses, from North England 
737-854AD. All elements - 
(except silver) expressed as % of 
total (100%) of 't: lhe debascilierýt: ý 
King Moneyer Cu % Zn % Sn % As % Real 
Ag % 
1 Eanred H 86.0 2.0 12.0 <0.08 40.6 
H 87.0 1.8 11.2 <0.08 39.3 
2 c 84.0 12.5 3.5 <0.08 34.1 
3 c 73.4 25.5 1.1 0.16 15.9 
4 E 75.9 23.6 0.5 0.44 21.9 
5 E 80.3 17.7 2.0 0.37 17.3 
6 E 81.2 17.6 1.2 0.56 17.8 
7 E 82.2 15.4 2.4 0.38 21.9 
8 E 79.0 20.3 0.6 0.22 23.6 
9 E 79.8 19.0 1.1 0.24 10.6 
10 E 77.2 22.2 0.5 0.52 17.0 
11 B 76.0 22.3 1.7 0.63 12.0 
12 A 75.2 19.6 5.3 0.51 9.8 
13 A 75.6 21.6 2.8 0.74 10.2 
14 A 77.3 19.3 3.3 0.86 8.7 
15 A 78.5 19.4 2.2 0.82 8.3 
16 A 76.6 20.8 2.7 0.58 8.4 
17 A 82.8 11.0 6.2 0.76 8.3 
18 Eanbald E 90.6 1.5 7.9 0.11 43.2 
19 E 87.7 1.4 10.9 <0.04 30.7 
20 E 83.4 16.3 0.4 0.19 34.6 
21 El 78.0 19.8 2.3 0.39 23.8 
22 E 81.8 15.9 2.3 0.38 17.3 
23 EW 77.6 20.8 1.6 0.33 16.6 
24 Ew 80.0 18.0 2.0 0.34 12.3 
25 Ew 76.7 20.6 2.7 0.43 13.2 
26 Wigmund E 77.9 19.8 2.3 0.59 65.0 
27 E 79. -0 18.5 2.5 0.52 67.3 
28 E 77.7 18.8 3.5 0.94 64.2 
29 E 75.0 23.0 2.0 1.36 73.7 
30 c 78.1 19.0 2.8 1.01 71.4 
31 c 73.4 24.8 1.9 1.19 67.3 
32 c 78.0 17.5 4.5 0.99 74.9 
33 c 78.8 18.9 2.3 1.29 76.2 
34 E" 76.0 21.1 2.9 1.22 74.0 
35 H 76.0 21.2 2.8 1.39 68.8 
36 H <76.0 <2.4.0 - 2.08 73.3 
37 Ethelred L 77.1 20.4 2.6 1.39 69.3 
38 11 L 77.8 19.9 23 0.98 74.5 
39 L 78.8 18.6 2: 6 0.77 73.5 
40 L 77.8 20 . .9 1.3 1.22 
76.8 
Table 12: 3 (cont) 
King Moneyer 
41 Redwulf ce 
42 Osberht m 
43 Wulfhere s 
Cu % Zn % Sn % As % Real 
Ag % 
76.0 22.1 1.9 1.11 21.0 
82.3 10.6 7.2 0.34 10.9 
83.1 11.6 5.4 0.86 11.7 
King Nos, cu 2 Zn 1 Sn 5F As R 
Eanred* 1 86.5 1.9 11.6 <0.08 
Eanred 2-11 78.4 19.2 2.3 0.49 
Eanbald** 1,; t Icl 89.15 1.45 9.4 <0.08 
Eanbald '10-25 79.5 18.6 1.9 0.3 
Wigmund 26 -3r. 76.9 20.3 2.8 1.05 
Etheld II T7 - 4-0 77.8 20.0 2.2 1.00 
less than 3 exariples, therefore, of dubiOLIS va lue 
From these results a number of conclusions can be drawn. 
In general the copper alloy added to the coinage metal of 
the 9th century Northumbrian stycas was based on brass: - 
Cu 76.9 - 79.5% 
Zn 18.6 - 20.3% 
Sn 2.2 - 1.9% 
As 0- 1% 
No lead is quoted and was not analysed fort which is 
unfortunate as it is usually present in this type of coin 
analysis [Metcalf 19781. 
2 In addition to the debasement alloy referred to above, 
which is based largely on brass, four examples of a copper 
alloy debasement metal based on bronze (high Sn low Zn) are 
-also found - see graph 12: 22 (Zn vs Sn). This group 
of 
fairly similar composition occurs during the early part of 
this period (occurring in four of the six coins with >30% 
silver, the earliest of the period) and the debasement is 
clearly very different to that of all the other coins. 
GRAPH 12: 22 - DEBASEMENT ALLOY OF THE'NORTHUMBRIAN 
STYCA COINAGE: ZINC % VS. TIN % 
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3 The silver content appears to decline during the reig In of 
Eanred from 30-40% silver down to 10% silver, but is 
restored to >65% silver by Ethelred II, although a later 
debasement may have been started by Osbert and Redwulf. It 
is interesting to note that with the exception of the early 
high silver coins early 
bronze based copper all 
very consistent brass 
restructure (seemingly) 
content jumped back up 
present with the silver 
the earlier debasement. 
in Eanred's reign, which have a 
oy, all the coins are debased by the 
alloy. Even during the coinage 
by Ethelred II, when coin silver 
to 70% approximately, the metal 
remained the brass based alloy of 
4 The Zn content of the copper alloy is invariably <25%, 
which is the maximum Zn content seen in any copper alloy, of. 
this period. 
Table 12: 4: McKerrel H& Stevenson RBK 1972, Some Analyses 
of Anglo-Saxon and Associated Oriental Silver 
Coinage in Royal Humismatic Society Special 
Publication No. 8 ed Hall ET& Metcalf, 
840-1016AD 
Southern English silver penny analyses mid-ninth ce*ntury to 
early-eleventh century. All elements except gold and silver 
expressed as percentage of ttle'jebiisci-iie. n_t. 
_, 
illoy-. - 
_ 
No. King Cu % Zn % Sn % Ag % 
Kings of Mercia 
58 Coenwulf 99.0 1.0 98 
59 (796-821) 98.5 1.5 - 96 
60 Burgred 55.4 13.0 31.5 89 
61 (852-874) 47.0 19.6 33.3 91 
Vikings of Northumbria 
65 (900- 92.9 3.5 3.5 91 
66 100.0 - - 91 
67 98.2 - 1.8 93 
68 95.7 1.4 2.9 90 
Kings of Wessex 
82 Aethelwulf 84.7 15.3 - 64 
(839-858) 
86 Eadweard 96.5 1.8 1.8 92 
90 the Elder 91.9 4.7 3.4 89 
191 (899-925) 88.6 71 
4.3 91 
94 86.1 6: 9 6.9 91 
97 90.7 42 5.1 86 
100 89.4 7: 1 3.5 86 
103 93.6 43 2.1 93 
105 92.0 2: 0 6.0 93 
107 98.1 1.9 - 93 
108 93.4 3.3 3.3 89 
Kings of England 
117 Aethelstan 93.9 6.1 - 95 94 125 (925-939) 94.9 5.1 - 91 134 80.0 15.7 4.3 
137 96.0 4.0 - 93 
138 91.8 8.2 - 92 
139 74.0 16.0 10.0 91- 
144 100.0 - - 91 
145 88.0 60 6.0 91 
151 93.5 3: 2 3.2 92 
160 90.9 5.2 3.9 89 
161 88.1 5.0 6.9 89 
180 97.3 2.7 - 93 
183 90.1 7.4 2.5 90 
Table 12: 4 (cont) 
No. King Cu % Zn % Sn % 
184 Aethelstan 88.9 11.1 
192 (925-939) 86.2 12.6 1.2 
101 Eadmund 85.9 - 14.1 
206 (940-946) 83.3 10.6 5.1 
207 75.7 22.3 1.9 
212 89.8 5.1 5.1 
214 70.6 17.6 11.8 
218 87.2 8.5 4.3 
231 Eadred 67.1 27.3 5.5 
238 (946-955) 68.8 24.7 6.5 
242 67.9 25.6 6.4 
259 75.4 21.5 3.1 
262 67.9 21.4 10.7 
263 71.4 24.5 4.1 
272 71.1 28.9 - 
273 89.8 10.2 
275 90.1 9.9 - 
288 80.9 12.8 6.4 
289 82.4 14.7 2.9 
295 83.6 13.4 3.0 
325 Eadwig 75.4 20.6 4.0 
328 (955-959) 60.0 36.0 4.0 
329 58.7 31.7 9.5 
330 58.9 33.9 7.1 
331 61.3 27.5 11.3 
332 56.9 37.9 5.2 
337 86.2 13.8 - 
338 69.2 29.9 0.9 
339 67.7 32.3 - 
345 62.9 34.7 2.4 
346 75.8 24.2 - 
347 63.8 36.2 - 
303 Imitations 91.5 4.9 3.7 
305 (940-975) 84.5 2.6 12 9 
306 61.5 0.8 37: 7 
307 70.2 10.5 19.3 
308 61.9 29.5 8.6 
309 53.9 1.7 44.3 
353 Eadgar 56.7 35.1 8.2 
357 (959-975) 69.5 29.6 0.9 
358 64.1 29.0 6.9 
360 77.7 22.3 - 
361 72.7 27.1 0.2 
362 67.6 20.3 - 
391 78.4 21.6 
394 49.2 50.8 - 
396 49.4 47.1 3.4 
413 60.0 28.3 11.7 
432 62.8 37.2 - 
434 71.0 29.0 
437 58.1 41.9 
Ag 
91 
90 
90 
91 
87 
92 
92 
94 
91 
90 
90 
91 
93 
93 
93 
66 
75 
94 
92 
92 
85 
90 
91 
93 
89 
92 
92 
76 
88 
85 
87 
91 
88 
86 
90 
90 
86 
92 
88 
76 
85 
59 
41 
62 
80 
92 
89 
91 
87 
89 
90 
Table 12: 4 (cont) 
No. King Cu % Zn % Sn % Ag % 
455 Eadgar 80.1 17.6 2.2 85 
463 (959-975) 70.9 23.6 5.5 87 
475 76.2 23.8 - 88 
484 57.1 42.9 - 90 
487 83.1 15.5 1.4 77 
488 76.2 23.8 - 79 
505 83.7 16.3 - 77 
506 66.7 22.2 11.1 93 
507 69.4 27.8 2.8 90 
508 64.7 33.3 2.0 93 
509 69.0 19.0 11.9 93 
510 78.5 21.5 - 85 
521 52.7 47.3 - 91 
530 64.9 35.1 - 85 
533 71.6 28.4 - 72 
534 68.5 31.5 - 87 
539 67.7 32.3 - 82 
555 45.9 54.1 - 88 
590 79.2 16.4 4.4 64 
594 80.3 19.7 - 52 
595 78.2 21.2 0.6 62 
596 67.7 32.3 - 89 
597 88.7 9.9 1.5 77 
598 67.2 26.6 6.3 91 
599 66.3 31.3 2.5 90 
608 51.2 48.8 - 90 
609 78.3 21.2 0.6 65 
610 98.9 0.7 0.4 72 
618 83.5 14.6 1.9 52 
621 75.9 21.1 3.0 85 
624 71.8 28.2 - 81 
629 83.6 16.1 0.3 34 
630 64.7 29.4 5.9 92 
640 83.5 15.7 0.8 74 
643 87.4 12.0 0.6 67 
646 88.0 22.0 - 47 
647 51.4 47 3 1.4 91 
648 69.0 31: 0 - 85 
652 Ethelred 11 60.8 39.2 - 91 
653 (979-1016) 74.4 25.6 - 90 
654 83.1 16.9 - 91 
661 84.7 15.3 - 
86 
665 93.1 3.4 3.4 93 
666 100.00 - - 
95 
667 80.6 19.4 83 
668 79.3 20.7 81 
King Date 5F Zn 5F Sn 
Coenwulf 796-821 1.5 0.0* 
Burgred 852-874 32.4 16.3* 
(Vikings approx 9 00) 1.23 2.05 
Aethelwulf 839-858 15.3 0.0* 
Eadweard 
the Elder 899-925 4.33 3.64 
Table 12: 4 (cont) 
King Date 5F Zn SF Sn 
Aethelstan 925-939 7.22 2.53 
(Imitations 940-975 8.33 ý21.08) Edmund 940-946 10.7 7.22 
Eadred 946-955 19.58 4.05 
Eadwig 955-959 29.89 3.7 
Eadgar 959-975 27.47 1.93 
Ethelred 979-1016 17.56 0.43 
Less than three examples therefore 3? are 
From these results it can be seen that: - 
There is a great variation in the debasement alloy 
(copper alloy) which, together with silver, composed the 
metal of the coinage. There are clear indications that 
it varied with time - graph 12: 25. 
(a) The earliest debasement alloy was a ternary (or 
1- 1'-, 
quaternary alloy - unfortunately the percentage of 
lead was not determined in these analyses) alloy of 
copper, and zinc and tin, the laýter two in roughly 
equal quantities. 
(b) Through the tenth century the , debasement allay 
changes with the percentge Of 2inc , increasing.. and; 
the percentage of tin varying, but. in general 
dropping. 
(c) By the last quarter of the tenth century a brass is 
being added to the silver, with virtually no tin. , 
The coins found to be Imitations on numismatic grounds 
have very similar silver contents to the real coinage, 
and therefore a metal value equivalent to that of the 
real coinage, therefore little profit would have been 
Table 12: 4 (cont) 
derived from their production unless the token value of 
coinage was very much higher than the metal value of the 
coinage - unlikely at approximately 90% silver. The 
Imitation coins do have one clear difference, that of 
inordinately large amounts of tin in the composition, 
but much less zinc than usual (though there is a good 
variation). Clearly the debasement (copper alloy). metal 
available for the manufacture of Imitation coinage'-was 
not always the same as that available for the production 
of the official coinage, ie different metal supplies 
were clearly available and in use, but the official 
moneyers only used one type 
From graphs 12: 23 and 12: 24 it can be seen how the 
copper alloy debasement metal changed with time; a 
constant type of variation, that of increasing zinc 
content (and so subsequent reduction in copper content). 
This must suggest the increasing availability of zinc, 
in the form of brass, during the tenth century. Its 
ready incorporation in the coinage can be understood 
from the decreasing silver content of the coins of the 
period# and therefore the necessity to make up the metal 
using the copper alloy available. 
iv The zinc content of the debasement alloy reaches a peak 
in the reigns of Eadwig and Eadgar (where the silver 
content was at its lowest), the average percentage of 
zinc being 29.9 and 27.5 respectively, but clearly many 
values are over 30% zinc. Zinc metal was not readily 
available in Europe at this time, occurring only as the 
GRAPH 12: 23 - DEBASEMENT ALLOY OF THE ENGLISH PENNY 
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GRAPH 12: 24 - DEBASEMENT ALLOY OF THE ENGLISH PENNY 
COINAGE: ZINC % VS. COPPER % 
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GRAPH 12: 25 - DEBASEMENT ALLOY OF THE ENGLISH PENNY COINAGE: ZINC % VS. TIN % 
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GRAPH 12: 25 -DEBASEMENT ALLOY OF THE ENGLISH PENNY 
cont COINAGE: ZINC % VS. TIN % 
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Table 12: 4 (cont) 
alloy brass, with values up to 30%. 
Work by Craddock [Craddock 19751 established that the 
maximum. level of zinc obtainable in pre-18th century 
copper alloys was 30%, as, a result of _the. use of the 
cementation process. No zinc values higher than 30% 
have been found (proved) in Dark Age contexts in Europe 
where brass production was taking place. it is, 
therefore, presumable that the chances of a zinc 
percentage >30% in a number of otherwise ordinary 
English coins is extremely unlikely. 
This suggests that these analyses do not accurately 
reflect the metal composition of the coins, indeed 
repeated analysing of the same coin revealed a wide 
variation of composition. The I method of analysis, 
surface analysis by XRF, without adequate cleaning of 
the metal previously would be particularly prone'to týý 
des, -L. ptive influence of corrosion products which might 
well"' have These 
relatively high zinc values' must leave grave doubts 
about the accuracy of many of these analyses, and indeed 
with the omission . of analysing for le 
, ad(V 
! it is 
questionable how mu&h reliance should be placed in the 
analyses, or any conclusions drawn from them. 
Though large errors on analysing will' be magnified' by'the (D"' 
scaling factors used to derive the debasement alloy coL", 'I)Osition 
analysing meLhod was Neutron Activation Anal. yýis 
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GENERAL CONCLUSIONS 
As suggested previously the reliance that can be placed in 
these results is very questionable. However, bearing the 
probable inaccuracies in mind some tentative general- 
conclusions are herewith attempted 
In general it can be seen from these three sets of results 
that the addition of a pure metal to debase the silver for 
coinage metal was rarely, ' if ever, - carried out. Rather a 
copper alloy was added to the silver to debase it,, and this 
copper alloy varied greatly over this period. 
early eighth and tenth century SCO_QYýt Q. S from the 
South of England show large variations in the debasement 
alloy. Even over short, periods, within aýsingle king's 
reign, the composition of the copper, alloy metal 
component of the coinage--is very unstable. The 
composition of the 9th century Noithumbrian, stycas,, is, 
however, much more controlled with very ý little 
variation. This may imply a greater stability in -the 
coinage metal (or its analysis) which in turn implies a 
stability and strength of the metal supply and use 
factor in the economy of 9th century Northumbria. 
Though the sample period of app roximately forty years is 
admittedly small (though similar to that of the early 
8th century English scaettas) it would appear that the 
copper alloys available to the Northumbrian moneyers was 
very constant in the early/mid 9th century. However, 
the copper alloys available in the south, central and 
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southern England, especially London and Wessex area, 
were very variable in nature and supplies/prices etc 
varied. 
Despite the variations noted above, and with certain 
exceptions, eg the Imitation coins noted in Stevenson 
and McKerrel, a general trend in the debasement alloy 
composition is discernible. 
(a) Mixed copper alloy in very early 8th century very 
variable - some tin and zinc both seen in the 
debasement alloy (see graph 12: 26) sometimes one, 
sometimes the other, but no clear preference for a 
copper alloy based on brass or bronze is present. 
(b) For most of the 8th and into the 9th century the 
alloy of debasement appears to be based on bronze, 
and most of the analyses of Metcalf, and a few of 
the early analyses of Metcilf and Gilmore, clearly 
have a copper alloy based on bronze as their 
debasement alloy, though often a few percentage of 
zinc is present. 
(c) For most of the 9th century the debasement alloy 
is 
based on brass, with the percentage of zinc clearly 
high, and the percentage of tin at a low level. 
(d) The tenth century has again in its early' years 
copper alloys with both tin and zinc present# 
though both in small quantities. 
II 
(e) During the tenth and into the eleventh century the 
GRAPH 12: 26 CHANGES, WITH TIME, OF THE ZINC AND TIN 
CONTENTS OF THE DEBASEMENT ALLOYS OF 
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In comparison with other earlier copper analyses it can be 
seen that the 8th century Scaettas dilution alloys, although 
spread over a similar range to the earlier Saxon and Roman 
analyses, show evidence of preferred metal groups. There is 
a supply of bronze or leaded bronze, but no restriction in 
its elemental variation is noted - graph 12: 27. 
The 9th century Northumbrian styca dilution alloy showed a 
radical new alloy present at this date, a high zinc (16-20%) 
brass, with a consistent 1-4% tin - graph 12: 22. With a 
higher zinc content than many previous analyses it is freshly 
made metal (presumably from Europe), which has a small 
addition of scrap or an impurity in the copper to account for 
the consistent low tin content present. 
Only a couple of examples of bronze are noted and by the time 
10th century pennies occur virtually no bronze is used to 
debase the official coinage, only to make forgeries. The 
previously noted brass with a 1-4% tin content is no longer 
prevalent, but pure brass occurs again, increasingly rich in 
zinc with passing time. 
This diversity of alloys shows an increasing use in the 9th 
and 10th centuries of brass based alloy, and diminution in 
the us e of bronze based alloys. The levels of zinc increasing. 
or remaining stable over given periods indicated a high level 
of control was able to be exercised over the comp 
. osition of 
metals at this time; any variety of composition is thus 
intentionally permitted. 
GRAPH 12: 27 - DEBASEMENT ALLOY OF THE ENGLISH SCAETTA' 
COINAGE: ZINC % VS. TIN % 
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A large number of analyses from a series of small copper 
alloy objects such as tags, strap ends, wire, bars, rods etc 
from the period 900-1100 AD have been done by Robert White on 
finds from Lincoln. The results show an interesting range of 
compositions, but with no specific alloy having any specific 
us e. 
This wide range of alloy composition, over objects of several 
different forms and uses, at a time when we know alloy 
composition could be controlled if desired, suggests the 
deliberate non-selection of a special alloy, ie the use of a 
readily available 'stock' metal. 
This metal - see graph 12: 28 - indicates that no brass or 
bronze group is determinable, rather that a general range of 
alloys of 0-12% tin and 0-24% zinc existed for ready use. 
There is, however, division of this total group, based on the 
tin concentration. A histogram of tin contents - graph 12: 29 
shows a bimodml distribution, a group of low tin content 
r-11ý1-4% and a high tin content of 8-12%. This latter 
group may well represent the previously noted bronzes/leaded 
bronzes being absorbed into a more general metalworking 
society, with increased metal and scrap metal use blurring 
the previously observed distinct metal groups - as seen 
in 
graph 12: 16 - into a more general 'stock' metal. The 
low tin 
group has, as can be seen from graph 12: 28, a wide range of 
zinc content, but unusually rarely less than 1% tin. This 
group corresponds well with the metal observed as diluting 
the Northumbrian styca coinage, although this had a more 
consistent zinc content. 
GRAPH 12: 28 - SMALL COPPER ALLOY ITEMS FROM 10TIl 
CENTURY CONTEXTS IN LINCOLN: 
ZINC % VS. TIN % 
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GRAPH 12: 29 SMALL COPPER ALLOY ITEMS FROM 10TH 
CENTURY CONTEXTS IN LINCOLN: FREQUENCY 
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The metal working finds on the site, and the scattered nature 
of the analyses, make it reasonable to infer a fair level of 
metal working, metal reuse etc. This may account for the 
wide levels of zinc detected, as on melting copper alloys a 
proportion of zinc is invariably lost through "boiling off" 
and absorption into the crucible matrix. This general 
reduction in zinc content may mean that the original metal 
coming onto the site was richer in zinc, nearer the levels 
seen in the Northumbrian stycas perhaps; the subsequent 
heating on metal reuse as scrap etc resulting in the observed 
lower zinc contents. 
The tin content may have been caused by inclusion of scrap 
metal containing tin - diluted with copper and brass to reach 
the 1% level. This appears unlikely in view of 
The uneven tin distribution, why so few analyses with 
less than 1%, the dilution would not have favoured a 1% 
level 
The lack of analyses with higher percentage tin; if you 
were diluting from say the 10% tin level one would 
expect a larger number of intermediate 10-4% tin 
contents 
The occurrence of few, if any, examples of the necessary 
diluting alloys, pure brass and copper 
iv The occurrence of a large number of metal analyses with 
no zinc, and 1-1.5% tin - see graph 12: 30. 
The likeliest explanation is that there was a copper, 
Gl'AP11 12: 30 -SMALL COPPER ALLOY ITEMS FROM 10TH 
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produced in this period, with a high tin impurity. such that 
upon smelting. it gave a copper with 1-2% tin present. The 
lack of pure copper and brass in the Lincoln results (and 
those of the Northumbrian stycas) show they were not 
receiving supplies of other metals, just this type of copper, 
or. brass, with 1-2% tin. 
The analyses of the 10th and llth century English pennies 
indicate that this brass and copper are not seen in southern 
Britain in this period, and that a purer brass was used in 
southern Britain at this date, ie two different supplies of 
brass reaching Britain. 
The analyses presented in this study from this period are 
mainly from Coppergate. 
Again the zinc and tin contents - graph 12: 31 - indicate the 
existence not of a general range of alloys but, as in the 
earlier Saxon period - graph 12: 16 -a range of zinc rich 
alloys (brasses) and of tin rich alloys (bronzes) can be 
distinguished. 
In addition to these groups, brass 12-22% zinc <1% tin, 
bronze 6-12% tin <6% zinc, a few analyses of intermediate 
composition of variable zinc and some tin also occur. 
In general these analyses from York indicate a continuance of 
the existing separate' brass rich and bronze rich metal 
supplies, detected in Roman and Saxon times. This 
continuance is at odds with the coin analyses and those from 
Lincoln, which suggests change in the meEal supply at this 
GRAPH 12: 31 -ANALYSED EXAMPLES FROM THE 
ANGLO-SCANDANAVIAN PERIOD: 900-1100 AD. 
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period, to two separate brass rich metal supplies. There is 
a degree of agreement in the occurrence of some tin rich 
alloys at the 8-12% level at Lincoln, and the occurrence of 
more mixed metal compositions at York, with variable zinc 
levels and some tin. 
In general terms there does appear to be a change in the 
metal supply at this date. The 'stock' metal used for making 
small copper alloy objects reflects this, although less 
quickly than the coinage perhaps, again, as in the Roman 
period, raw metal supplies are seen utilised in "official" or 
large factory products, the small workshops metal stock more 
gradually reflects the change of a decreasing supply and or 
use of bronze, and an increasing use of brass, possibly 
produced from more than one source. 
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EARLY MEDIEVAL - 1100-1300 AD 
The early medieval period 1100-1300 AD is singularly poor in 
well dated finds. This is particularly true of copper alloy 
objects, and prior to this study there existed only a single 
group of analytical results which applied to this period 
[Werner 19771. 
The analyses of these western European religious objects 
provided a large volume of analyses for large objects, many 
of them made by casting. The results - graph 12: 32 - showed 
a preponderance of variable medium and low zinc, 0-18%, and 
medium to low tin, 0-10%, metal alloys present. There were a 
few examples of higher zinc low tin brasses. 
These results are similar in some respects to those obtained 
earlier at Lincoln, with the continued use of the variable 
medium to low tin and zinc content mixed alloys. 
There are no signs of the two previously"noted groups, based 
on fairly pure brass, and bronze. There appears to be a much 
more variable metal of 0-18% zinc 0-10% tin, which is used 
for a large variety of uses - Werner finding little or no 
compositional variations between object types. This is again 
a positive statement that no special composition was required 
and that a 'stock metal' ie that of no extreme compositional 
requirement could be used to manufacture various objects. 
GRAPH 12: 32 - EUROPEAN ECCLESIASTICAL COPPER ALLOY 
OBJECTS DATED TO THE PERIOD 1000-1400 AD 
ZINC % VS. TIN %: AFTER WERNER 1977. 
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GRAPH 12: 33 - SHEET METAL SCRAPS FROM A 12-13TH 
CENTURY CONTEXT FROM SHAMBLES, YORK: 
ZINC % VS. TIN % 
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GRAPR 12: 34 - ANALYSED EXAMPLES FROM THE EARLY 
MEDIEVAL PERIOD: 1100-1300 AD. 
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A series of sheet metal offcuts of 12th-13th century date 
were analysed by the author [Caple 19861 for the York 
Archaeological Trust, to give a few contemporary British 
analyses with which to compare the results from the pins. 
These results - graph 12: 33 - like those of Werner, and 
previously White from Lincoln, showed the occurrence of a 
variable medium to low percentage zinc content 0-16%, and 
low tin content alloy. 
The object analyses from this period 
in this study have come from a range 
Coppergate, Lincoln and Canterbury. 
note that they correspond well 
established, ie that of a range of 
medium and low zinc contents, 0-18%, 
low tin contents, 0-10%. 
- graph 12: 34 - obtained 
of sites: Sandal Castle, 
It is interesting to 
to the pattern already 
analyses with variable 
and variable medium to 
The occurrence, seemingly a deliberate choice, of a wide 
range of alloys within the limits expanded above would again 
suggest the use of a 'stock' metal over this period. 
There is again no observable grouping of a 'brass' or 
'bronze' based alloy, but rather a range of alloys with zinc 
increasingly being the dominant alloying constituent with the, 
copper. 
It is interesting to note that the tin and zinc levels of the 
variety of objects of this period analysed from Werner's 
large ornate religious metalwork to the sheet metal offcuts, 
and pins and wires in use in everyday Britain are very 
similar. The lead percentages (a separately added metal? ) 
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are slightly higher for many of Werner's cast metal pieces, 
but the similarity in level of zinc and tin is interesting, 
implying a single type of metal produced for many final uses. 
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LATE MEDIEVAL : 1300-1500 AD 
The latter half of the medieval period (1300-1500) has 
produced a far larger number of finds, and probably as a 
consequence there are more analyses available for this 
period. Large groups of material, eg religious ornaments 
[Werner 19771, candlesticks, lavers and chafing dishes 
[Brownsward & Pitt 19831, and jettons [Pollard 19831 are 
available for comparison. Difficulty has sometimes been 
experienced in dating objects, and so the analyses involved 
are sometimes observed in different periods to those used in 
this chapter: thus several groups of data are regarded in 
terms of 15th and 16th centuries (compared with the 14th and 
15th, and 16th and 17th centuries utilised here). 
Initially, data of 14th century date obtained in this thesis 
is examined- graph 12: 35. This shows a considerable change 
to the previous period. It now comprises high zinc brasses, 
11-29% zinc, often pure brass (or leaded brass)r some with 
low tin contents usually <4%. it is worth noting that the 
only exceptions to this compositional bracket noted on- graph 
12: 35 come from generally dated 13th to 15th century 
contexts, and thus may be earlier 13th century examples, a 
period where these analyses would sit well within the 
observed analytical ranges - see graph 12: 34. 
This higher purity brass was well suited to use in pin and 
wire manufacture, and it is interesting to note the increase 
in pin and wire products from this date onwards. 
The data obtained in this thesis for 15th century dated 
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examples, shown in graph 12: 36, reinforces the trend seen in 
the 14th century, with the vast majority of analyses being 
high percentage (11-29%) zinc brasses, usually leaded, with 
only occasional analyses having small tin contents. 
The first series of comparable analyses available for this 
period was provided by Cameron [Cameron 19741. His 
memorial -brass analyses cover this period, and though not a 
purely wrought product as the pins and wires but rather a 
very heavily worked casting, they have a similar series of 
analytical constraints to those revealed in the pin analyses. 
All his results for this period - graph 12: 37 - have high 
zinc continuity of 11-29%, with the vast majority having a 
low tin content of 0-01 and all have less than 7% tin. This 
again shows the change from the metal composition of the 
previous period, and a uniformity in the composition of the 
metal available at this period. 
Another series of comparable data for this period is provided 
by a series of'copper alloy trade tokenst 'Jettons' (from NW 
Europe), analysed by Pollard [Pollard 19831. These results, 
shown as elemental distribution of zinc and tin - graph 12: 38 
and 12: 39 - show that the zinc levels of this period again 
range from 11-29%, and tin contents are usually below 7%, 
although the tin levels'are higher here than for the pins or 
memorial brasses. 
Two other sets of comparative results available span the 
period 1400-1600. Both are included here, since they both 
demonstrate again the change to a high zinc brass by this 
period for many primary metal products. 
GRAPH 12: 37 -MEDIEVAL MEMORIAL BRASSES, COMPOSITIONS 
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The first set of analysis of this 15th and, 16th century 
period are provided by Werner for religious objects, eg cross 
and altar plates etc. These results - graph 12: 40 - show 
again the almost exclusive use of alloys with high zinc, 
11-29%, and usually low tin, 0-4%. There are a few 
exceptions in this series of analysis, but this is hardly 
surprising given the large number of analyses involved. Many 
of the objects will have been cast into shape and thus have 
higher lead contents than wrought alloys, but the results 
with regard to tin, lead and zinc distribution are highly 
comparable with Cameron's memorial brasses - graph 12: 37 - 
which also originally had a cast genesis. 
Werner's analyses in this post-1400 period are in 
marked contrast to his analyses (of the same types of object) 
from the pre-1400 period - graph 12: 32 - in terms of move 
to 
the high zinc and lower tin concentrations, a point he 
himself makes [Werner 19770)] 
The second set of analyses of this period comes from a small 
group of candlesticks, lavers and chafing 
dishes from 
15th/16th century Britain [Brownsward and Pitt 
19831. The 
results of the analyses of the candlesticks - graph 
12: 41 - 
showed two distinct groups of composition: 
A brass, with a high zinc content, again in the range 
11-29%, and with a low tin content - in this case <2%. 
A quaternary metal with medium level zinc, 4-11%, and 
tin 3-5%. 
The first alloy corresponds well with the typical high zinc 
GRAPH 12: 40 - EUROPEAN ECCLESIASTICAL COPPER ALLOY OBJECTS DATED TO THE PERIOD 1400-1800 AD 
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alloy so far universally encountered in this'-period. The 
second alloy represents an unusual alloy reminiscent of the 
alloys of the earlier 1100-1300 period. The geographic 
difference in origin in these two products may suggest that 
the Flemish product was made of identical metal to that being 
used by the rest of Europe, whilst the British product was 
'homemade' from a reused scrap of the previous century. 
The analyses of the hanging lavers and chafing dishes - graph 
12: 42 - shows a similar variation in composition to graph 
12: 41. The brass group products are again well represented, 
and the few quaternary metal products are seen having a wide 
variation in composition, again much more reminiscent of the 
alloys of the 1100-1300 period, and again representing scrap 
reuse, although no geographic anomaly corresponds with this 
composition variation. 
GRAPH 12: 42 - 15TH + 16TH CENTURY COPPER ALLOY 
CHAFING DISHES AND HANGING LAVERS, AFTER 
BROWNSWORD AND PITT 1983: ZINC % VS. TIN 
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TUDOR AND STUART : 1500-1800 AD 
The period post-1500 showed a very consistent use of the high 
zinc brass of the 11-29% level, first seen in the 1300-1500 
period. 
The analyses for this thesis for objects dated to the 16th 
century - graph 12: 43 - show that not only the. vast ýre_ 
majority high zinc bronzes (11-29% zinc) but' most are -pure 
brasses (leaded brasses mainly), with no tin. There are a 
few examples of pins with some tin content - those with <12% 
zinc - which appear to be finds redeposited from an earlier 
period. Those with low tin contents, -; 4%, are probably made 
of reused metal, or again pins from an earlier period. The 
vast majority of pins of this date are normally made of pure 
(leaded) brass. 
The analyses for this thesis for objects dated to the 17th 
century are shown in graph 12: 44. The results show again the 
almost exclusive use of high zinc brass, with the only slight 
deviations coming from a couple of results which have in 
addition a small tin content, -3%. The high zinc levels, 
seen since the period 1300-1500 at 11-29% are by the 17th 
century raised to 14-31% (the 32% value is from a pin which 
must be 19th century as it has an 'upset' head). This rise 
in the maximum attainable zinc concentration seen in a brass 
has previously been indicated in results by Pollard 1983 - 
graph 12: 45 - and Cameron 1981 - graph 12: 46. 
In both these instances, brasses were detected with greater 
than 28% zinc, which Craddock 1978 had established as the 
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maximum obtainable zinc percentage from the. cementation 
process under normal, conditions. The 'analyses- in-this 
thesis, pre 17th century, have ranged-up to 29%, (the 
accuracy of the analytical -technique accounting to these 
analyses between 28-29%). In the early 18th century Nehemiah 
Champion patented the use of granulated copper in a special 
cementation process to create brass up to 33% zinc. Both 
Cameron and Pollard found examples which, like the present 
17th century results, have >28% zinc over, 100-years before 
Champion's patent was issued. Indeed, Pollard found results 
of 28-33% zinc as early as the 1670s in his jettons. His 
analyses of scientific instruments, eg astrolobe-s; suggested 
some examples could be up to 100 years- earlier- than 'that. 
Cameron analyses'supported a date of about 1570 'for. the 
earliest 28-30% zinc brasses. Although no examples of- such 
high compositions are seen in the 16th century dated examples 
from this thesis, but as with the jettons, examples from 17th 
century contexts do occur. 
The analytical results from pins of the 18th century - graph 
12: 47 - show again that the vast majority are composed of a 
high zinc brass, 18-33%, often pure; some examples with low 
tin contents, -3%, still occur. Several examples of a medium 
zinc brass, 10-13% zinc, are also seen, but these have 
unusually high nickel and arsenic contents. other examples 
of this metal type have come from earlier contexts - graph 
12: 43 - and are discussed later. They are an unusual alloy 
from a specific region or site. 
During the 1770s, pure zinc became available for brass 
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making, and thus higher zinc brasses, 30-40% zinc, could be 
made. Pollard notes the presence of these high zinc brasses 
among his jettons - graph 12: 45 - at an earlier date, 1740s, 
presumably made using imported zinc. 
Analytical results from pins of the 19th and 20th centuries 
are shown in graph 12: 48. These results exactly mirror those 
of the 18th century with: 
most pins made of a pure (often leaded) high zinc brass, 
14-34% zinc; 
ii Occasional examples also have low tin contents; 
A couple of examples of medium zinc brasses, 10-12% 
zinc, have high concentration of nickel and arsenic, and 
are a deliberately created, unusual alloy composition. 
GRAPH 12: 48 - ANALYSED EXAMPLES FROM 19TH + 20TH CENTURY CONTEXTS: ZINC % VS. TIN % 
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RESULTS: BY ELEMENT 
The analyses are now considered separately, 'element by 
element, in order to see what overall trends areýrevealed by 
the analytical results in this thesis, and''other bodies of 
comparable date. Again it is the primary I 'alloying`ýelements 
of tin and zinc which are considered. 
508 
Using a crude measure of the supply of tin - see table 12: 5 
by assessing the average tin content of the general (non 
specialised) metalwork - graph 12: 49 - it can be seen that 
over the Roman to post-medieval period there are a series of 
changes in the level of tin content in copper alloys. 
The tin content of general copper alloys initially stayed at 
the same level in the immediate post-Roman period, as it had 
during the Roman period (either reuse of Roman scrap metal, 
an option already seen to be unlikely, or the continued use 
of similar metal supplies). 
The tin content of general artifacts seems to have risen in 
the 8th century period (note this is reflected in coin as 
well as pin analyses). From British Museum analyses of 
Sutton Hoo and related material it is clear that a high tin 
bronze (as well as brass) was available during the 7th/8th 
century period. In the 8th/9th century period the bronze 
alloy continued in ready supply. 
From the 10th century and throughout the following periods 
there is a marked decline in the tin percentage found in 
objects manufactured of a general copper alloy. This change 
in the tin content occurs before the change, around the 
12th/13th century, to pins made of wire (which seems to 
have 
no effect on the tin composition of the copper alloy used). 
Indeed, it is noticeable that the 13th and 14th century wire 
pins often contain low tin contents which are invariably 
absent in later pins. 
The general decline of the tin content of copper alloys over 
TABLE 12: 5 
Mean (Average) Tin Concentrations 
The first categories, defined by date only, are culled from 
the results of object analysed from the various sites as part 
of this thesis. 
Site/Period Number of Samples 
"eo, v% 
7 
st(X"a0A 
. ZJ 
Roman 72 6-3o S-60 
pre-9thC 30 9-35 6-77 
9th-llthC 23 4--41 4-59 
llth-13thC 26 ? -* 3 ý. a- 2.0 
14thC 36 1.66 . 11.4-5 15thC 14 O. qS 
'. ' 
1* 76 
16thC 69 O. S., 1-10 
17thC 31 0*17 0-65 
18thC 29 0-12. 1-07 
19thC 31 0-43 0-67 
Results from other group s of analyses wh ich are comparable in 
period, object type and scientific accur acy, to the results 
obtained in this project are included. 
Lincoln 9th-llthC 129 2.85 
Shambles 12th & 13thC 10 3.60 
Cameron Memorial 
Brasses 
14thC 19 2.89 
l5thC 22 1.59 
16thC 30 0.60 
17thC 7 0.70 
Sutton Hoo 7thC 
Saxon 16 7.25 
Celtic 1 28 13.86 
Celtic 2 8 0.50 
Coinage 
Scaettas 8thC 68 9.57 
Stycas 9thC 43 3.23 
Pennies 10thC 114 2.90 
Saucer Brooches 34 6 5th-7thC 32 . 
European Jetton Coins 
13thC 2 4.45 
14thC 43 3.73 
15thC 32 1.51 
16thC 29 0.46 
17thC 24 0.41 
18thC 19 0.29 
l9thC 8 0.18 
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the period 800-1800 AD has a clear and distinctive, pattern. 
Possible mechanisms for this may be: 
A consistent decline in the addition of tin when 
assembling a batch of fresh metal for making into. wire 
(via casting ingot and beating or rolling sheet); 
ii The use of both fresh metal and scr . ap metal in - the 
manufacture of the metal for making wire. The 'fresh 
metal added was always brass, containing no tin, thus 
effectively diluting the tin content in the scrap. 
(Computer models in future could be assembled to produce 
analyses which mimic this effect, thus giving an 
estimate of the rate of scrap reuse and the level of 
fresh metal entering the system. ) 
Of these two mechanisms, the second is more likely as the 
chances of a consistent deliberate dilution over 1000 years 
as postulated in (i) is most unlikely. 
t 
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Using a crude measure of the supply of zinc (as brass) by 
assessing the average zinc content of the general (non 
specialist) metalwork - table 12: 6 - can be seen - graph 
12: 50 - over the Roman to post-medieval period. 
The general level of zinc in copper alloys stayed near the 
same limit, in the immediately 
post-Roman period as compared to the Roman period. This 
general level of ro-4-% zinc in the copper alloy metalwork 
stayed fairly constant throughout the Dark Age period to the 
I-Ith century. This may imply: 
i The metal of this period was made from reusing Roman 
scrap metal, or 
The metal supply in the Dark Age period was similar to 
that of the Roman period, in that similar levels 
of zinc were getting into the 
metals system. 
The theoretical models in Chapter 13 show the unlikely 
prospect of situation (i) occurring, and thus some level of 
'fresh metal' supply is likely as expressed in situation 
(ii). This was also shown as likely in the analysis of the 
period. 
The occurrence both at Sutton Hoot in the Celtic style 
material, and in the coin compositions of the 9th and 10th 
century, of higher levels of zinc occurring in the copper 
alloys of this Dark Age period, indicate both the presence 
and level of zinc as brass entering the general metal supply 
system. 
There is a slight increase in zinc contents in the period 
TABLE 12: 6 
Mean (Average) Zinc Concentrations 
The first categories, defined by date only, are culled from 
the results of object analysed from the various sites as part 
of this thesis. 
Site/Period Number of Samples 
tteolq\ 
Z, 
sta"Aca-A 
Deuka5cýorl 
Roman 73 Lý., w 64677 
pre-9thC 29 G-44 13.19 
9th-llthC 24 6 .,. ao 6 -is% 
llth-13thC 26 7.9-6 7-31 
14thC 36 1'7- 56 . 9.09 
15thC 14 19-11 - G. t5 
16thC 69 IZI. GO 15-77 
17thC 31 2.3120 3-7-7 
18thC 29 : 4. -37, 6-36 
19thC 31 Z5.35 E; . 0j; 
Results from other groups of analyses which are comparable in 
period, object type and scientific accuracy, to the results 
obtained in this project are included. 
Lincoln 9th-llthC 115 7.43 
Shambles 12th & 13thC 10 8.00 
Cameron Memorial 
Brasses 
14thC 19 16.79 
l5thC 22 19.73 
16thC 30 21.53 
17thC 8 28.75 
Sutton Hoo 7thC 
Saxon 16 5.75 
Celtic 1 28 1.89 
Celtic 2 8 21.00 
Coinage 
Scaettas 8thC 56 2.63 
Stycas 9thC 44 17.50 
Pennies l0thC ill 18.69 
Saucer Brooches 
5th-7thC 32 2.97 
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900-1300 AD. This level, 6-8% zinc, is only a little higher 
than the earlier Dark Age period result, and although it 
indicates a slightly greater use or availability of the zinc 
rich 'fresh metal' it does not suggest any great change in 
the metal supply system; although in detailed consideration 
of the period evidence of a change in the zinc rich metal 
source was suggested. The more stable political and economic 
situation in North West Europe may have meant that the trade 
and supply of metals was more regular at this period, thus 
regulating supplies of the higher zinc content 'fresh metal' 
which up to this point had been somewhat intermittent. 
It is interesting to note that the level of zinc content 
occurring in this period is established by three separate 
series of analyses, which have mean zinc contents of 
remarkable consistency. This gives a high degree of 
confidence in this particular level of zinc being an accurate 
representation of what was occurring in reality. 
The level of zinc contents in the general wrought copper 
alloy objects increases dramatically in the 13/14th century. 
In the 13th/14th century period large quantities of zinc rich 
metal (brass), was coming into the metal system, and 
dramatically increasing the level of zinc in the general 
copper alloys. The general changes in zinc content over this 
later and post-medieval period suggest, that new sources Of 
supply or production (of brass) started up abroad about 1300 
AD, supplying the 'fresh metal' to Britain, which was in 
addition to or replaced the previous supply of 'fresh metal' 
(brass). 
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COMPARISON OF ZINC AND TIN VARIATIONS 
It is worth noting that the changes in the mean tin content 
were interpreted to show an increased level of the supply, or 
use of, bronze around the. 8th/9th century period, followed by 
a cessation of the production or use of bronze. These 
changes in the tin usage pattern occur at a different time to 
that of the changes in the production, or supply, of zinc, 
rich metal: which is seemingly little changed through the, 
Dark Age period, but suddenly rises around the date 1300 AD. 
These changes at different times indicate: 
That an increase in the percentage of one element is not 
a consequence of a decline in the percentage of the 
other element. The levels of zinc and tin are, in that 
respect, independent. 
The industries producing zinc and tin were separate, the 
decline of one industry meant nothing to the other 
industry: no similar decline or consequent rise in the 
fortunes of the other metals production is noticed. 
Thus it can be suggested that the two industries were 
totally unrelated. 
LEAD 
Lead was available during the period covered by this thesis, 
as a separate metal used to improve the fluidity of casting 
in levels up to 2%. Its occurrence at higher level was 
probably determined by the economics of the relative price of 
metals. It would apear from its heavy use in some objects 
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that invariably the'price of lead was lower than that, of 
copper alloy', and thus where feasible lead was added to the 
metal. The reduction in the mechanical properties, ofý a 
metal, as lead is added, were the limiting factor in its 
addition to the copper alloys. 
Early groups of analyses from the Roman period, eg Smythe 
[Smythe 19381 showed that in the historic period lead was 
added to copper alloys, usually bronzes, which were formed, 
into objects by casting [see graph pp291-2, Smythe. 19381. - 
Later work by Craddock [Craddock 19751 and others. established 
that certain types of object which were invariably 
manufactured by casting, eg statues, had high lead contents, 
whilst objects made of sheet metal, or with special 
qualities, eg bells, had little or no lead in them. . ý--f 
The analyses of small decorative and functional Roman 
metalwork of copper alloy, by both Craddock and the examples 
in this thesis from Richborough, demonstrate a wide range of 
lead contents were permitted: with no particular;, property' 
beyond that of minimal toughness required, the lead content 
appears not to have been altered, thus the lead- content of. 
the 'stock' metal, the most readily availableý raw-material, 
or scrap, appears to have sufficed-. The historic association- 
of lead with tin, to form leaded bronze- the most commonly 
used material for casting objects, eg statues, has meant that 
even for small variable objects made of 'stock' metal, the 
association continues. 
The high level of shafts, rods etc in the Richborough 
analyses has, however, -meant that there were some greater 
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requirements for toughness in the metal, ie less lead, than 
in Craddock's results. This requirement of toughness for all 
rod like forms is reflected in all the analyses of this 
project, although only a few examples could be analysed 
metallographica-lly. It was clear that most were wrought or 
worked, few were in the 'as cast' state, and accordingly, few 
have high lead contents. I 
The Dark Age periods show low lead contents, with slightly 
higher lead values for the bronze type metals than the brass 
type metals, eg examples of Middle Saxon date from Whitby 
Brass type metals Zinc 16-25% Mean Lead content 2.3% 
Bronze type metals Tin 7-22% of if 3.2% 
Similar levels of lead, are seen in the various objects from 
Sutton Hoo, with seemingly few large castings made in this 
period, no great economic need is seen in high lead content 
copper alloys. 
During the medieval period, with the move into manufacture of 
pins from wire, there is clearly a requirement as a result Of 
the drawing and heavy working of sheet metal, to have tough 
alloys, thus they must have low levels of lead. Table 
12: 7 
shows the spread of lead contents from medieval pins and 
wires from four sites. A low level of leadf around 
2%, is 
frequently maintained in the brass alloy. 
Comparison of the zinc and tin percentages in the analyses 
by 
period showed that during the medieval period the zinc, and 
to some extent the tin, results between pin, wires etc and 
other groups of analytical data, eg memorial brasses, 
Table 12: 7 
Percentage of Pins, Wires etc from various sites, which have 
a given percentage of lead*. 
Lead % Site (date) 
Chelmsford Coventry Ludgershall Whitefriars 
(1590-1900) (1250-1550) (1545-1558) 
0 2 34 19 3 
0-1 8 3 - 3 
1-2 23 41 44 45 
2-3 32 16 25 26 
3-4 19 6 16 
4-5 11 6 5 
5-6 2 3 
6-7 
7-8 2 
8-9 
9-10 
10+ 
Manufacture: All these objects were heavily worked sheet 
metal. 
Y 
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candlesticks, chafing dishes, lavers, jettons, and European 
ecclesiastical objects etc., were comparable. It would, 
therefore, appear that with regard to the zinc and, to some 
extent the tin, the same metal was used for pins as for all, 
the other copper alloy objects. 
In table 12: 8 the lead contents of the various groups of 
medieval objects are listed. There are variations in the 
lead content. Large heavy cast objects, eg mortars and 
weights have large lead percentages, the medium sized objects 
of cast and worked manufacture, eg candlesticks, have 
variable lead contents. The sheet metal objects, eg jettons, 
have low lead contents of 0-3%, comparable to those seen in 
pins and wires. This difference. in lead levels argues for 
the separate addition of lead or a lead rich alloy, probably 
containing tin, to the existing zinc rich copper alloy. 
Werner [Werner 0 19771 echoed in Brownsword [Brownsword and 
Pitt 19811 has proposed the use of a copper-lead alloy 
Ispeiss' formed as an intermediate copper/lead sulphide in 
lead smelting. other authorities, eg P Craddock (personal 
comment) have felt the existence of such a substance unlikely 
on metallurgical instability grounds. 
The metal for pin and wire manufacture, during this period, 
was deliberately kept free of large quantities of lead, which 
appears to have been a separate commodity (in whatever form) 
which could be deliberately added to make casting alloys 
which, on the basis of their zinc content, may have some 
aspect of common genesis with the wrought copper alloys. 
Table 12: 8 
Percentage of Objects from the medieval period from various 
groups of analyses which have a given percentage of lead. 
Percentage of 
Lead 0 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10+ 
Monumental 
Brasses - 18 17 20 12 9745 4- 13 
[Cameron] 
Candlesticks 
Lavers etc 36 13 10 16 3 16 13 19 
[Brownsward 
& Pitt] 
Percentage of 
Lead 0-2 2-4 4-6 6-8 8-10 10+ 
Mortars and 
Weights --69 11 74 
[Brownsward 
& Pitt] 
Percentage of 
Lead 0-3 
Jettons 
1300-1450 100 
[Pollard] 
Percentage of 
Lead 0-2 
Jettons 
1450-1850 100 
[Pollard] 
Manufacture: 
Monumental Brasses Cast and worked 
Candlesticks, Lavers etc Cast and worked 
Mortars and weights Cast 
Jettons Sheet and stamped. 
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NICKEL - MEDIUM AND LOW LEVELS- 
Nickel usually occurs as a trace element present- in -copperý 
ores, and is carried through frequently into copper alloy in. 
the copper metal - chapter 9. 
The 'results from this thesis show changes in the level- of 
nickel present in the copper alloys used for the manufacture 
of pins and wires, in different chronological periods. From 
the sectio(t on high nickel contents (see following sections) 
it was determined that most 'normal' alloys had nickel 
contents from 0-1.3%. The values of the mean nickel contents 
of the analyses for the various periods are shown in Table 
12: 9. 
This showed low nickel levels in Roman and Dark Age periods, - 
a slight rise is then noted in the nickel levels of the 
1100-1300 period and 14th century, up to a plateau of about 
0.66% during the period 1400-1700. 
This rise suggests the use-of an increasingly nickel rich 
copper-source during-the, 14th century. 
This remarkably coincides with a significant rise in 
- 
the zinc 
content of the alloys used in this period - see Period 
1300-1500 AD. Thus there is probably a change in the source 
of copper as well as in the use of zinc in the alloys of 
this period. The effective diminution of the copper content 
with increased zinc makes the rise in concentration of a 
trace element in the copper even more remarkable. 
The relative change in the levels of zinc and nickel is shown 
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in, graphs l2: 51 to 12: 54 where zinc versus nickel plots show: 
The low levels of zinc, up to 20%, and nickel, usually 
0-0.5%, in the 900-1100 AD period - graph 12: 51 - and 
the 1100-1300 AD period - graph 12: 52. 
There is a change within the 14th century results - 
graph 12: 53 - having 12-30% zinc and 0.2-0.7% nickel. 
The high levels Of zinc, 8-30%, and nickel, always >0.3% 
- graph 12: 54 - in the post i4th century period. 
Table 13: 9 
Variation of mean nickel values with time. 
Date Years Nickel content (mean x)* 
Roman (0-400 AD) 0.27 
Saxon (400-900 AD) 0.17 
Anglo/Scand (900-1100 AD) 0.31 
Early Med (1100-1300 AD) 0.40 
Medieval (1300-1400 AD) 0.49 
Late Med (1400-1500 AD) 0.6 
(1500-1600 AD) 0.59 
(1600-1700 AD) 0.6 
(1700-1800 AD) 0.48 
* All nickel values >1.3 excluded 
GRAPH 12: 51 - ANALYSED EXAMPLES FROM THE PERIOD 900-1100 AD.: ZINC % VS. NICKEL % 
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GRAPH 12: 52 - ANALYSED EXAMPLES FROM THE PERIOD 1100-1300 AD: ZINC % VS. NICKEL % 
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GRAPH 12: 53 - ANALYSED EXAMPLES FROM THE PERIOD 
1300-1400 AD: ZINC % VS. NICKEL % 
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GRAPH 12: 54 ANALYSED EXAMPLES FROM THE PERIOD 
1400-1600 AD: ZINC % VS. NICKEL % 
35 
31.5- 
x 
28 
24.5- 
21 - 
17.5- 
14 ý 
10.5ý 
7 
3.5 - 
x x x x 
x x 
x x x 
x x x 
x 
x x x 
x x 
x 
x x x 
x x x x 
x x 
x x 
x x 
xx 
x 
x 
x 
x 
x 
Ix 
0 -------------------------------------------------- 
0 . 25 .5 . 75 1 1.25 
NICKEL % 
518 
The phenomena of the rise in nickel concentration over this 
period had been noted by previous authors. 
Pollard in his analyses 
obtains generally lower 
are seen in this work: 
nickel percentage in th 
pre-1400 at typically 
typically . 4%. 
of jettons [Pollard 
figures for his nick 
but he too notes the 
e post-1400 period, 
. 1% whilst those 
m 19831 
el percentcte than 
clear rise in 
noting results 
post-1400 are 
Similarly, Werner in his analyses of ecclesiastical objects 
noted a rise from the low nickel contents of the 12th, 13th 
and 14th centuries - graph 12: 55 - typically <. l%; to the 
higher levels seen in the 15th and 16th centuries - graph 
12: 56 - typically . 1% - . 4%. 
GRAPH 12: 55 - EUROPEAN ECCLESIASTICAL COPPER ALLOY OBJECTS DATED TO THE PERIOD 1200-1400 AD 
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NICKEL - HIGH LEVELS 
Although small traces of nickel are a common impurity in many 
of the analyses, a group of 'good' results with the highest 
metal values, >0.85%, was obtained - see table 12: 10 - to see 
if there were any significant correlating factors within this 
high nickel group. 
It was noted that there were no Roman, Saxon or 
Anglo-Scandanavian results with high nickel contents; all 
examples being post-1100 AD in date. In the following 
section on arsenic impurities a group of arsenic rich 
medieval alloys were noted as usually having a variable high 
nickel value associated with them. 
If the analyses with arsenic in (*) are removed it can be 
seen that all the highest nickel values have been taken out, 
leaving a fairly even spread of 0.9-1.3% nickel values. 
With no common correlating factor between these analyses: 
i Variable alloys, all typical of their period 
ii A wide range of chronology 
iii A wide range of sites. 
It was apparent that these analyses formed no special group. 
This series of analyses appear to be the continuation of the 
normal variation in nickel contents of the medieval alloys, 
particularly the high nickel content post-1400 alloys, 
separated only by the arbitrary selection of a cut 
off 0.85% nickel, used in forming this table. 
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Table 12: 10 
Objects with >0.85% Nickel. 
Site Pin/object Date Zinc Tin Lead Ni As 
York Small Sp here 1200-1500 - 8.7 3.5 0.9 - 'Beret' head 1300-1600 12.6 1.4 5.1 1.3 - 
wire 1300-1500 4.8 5.2 5.9 1.3 - 'Beret' head 1100-1500 13.2 - 3.3 1.1 - 
Canterbury IBI type WWHP 1400-1600 13.3 1.0 - 1.5 ICI type WWHP 1100-1400 22.2 - - 0.9 - 
Lincoln 'A' type WWHP 1800-1900 11.1 - 3.1 1.0 - 
'Beret' head 1700-1800 11.9 - 3.2 1.0 - 
'A' type WWHP 1500-1700 10.8 - 5.1 1.0 - 
Whitefriars 'A' type WWHP 1545-1558 10.5 - - 1.9 
'B' type WWHP 1545-1558 21.9 - 2.7 1.0 - 
Chelmsford 'A' type WWHP 1700-1900 21.9 - 3.6 0.9 - 
'B' type WWHP 1700-1900 28.3 - 4.8 0.9 - 
'BI type WWHP 1700-1900 23.1 - 4.7 1.0 - 
IBI type WWHP 1560-1590 18.6 - 4.3 0.9 - 
Salisbury Wire ? 13.4 - - 1.4 
Sandal Wire 1350-1450 13.2 - - 2.2 
Castle Wire 1350-1450 11.1 - - 1.6 
wire 1450-1500 18.8 - - 0.9 
Wire 1500 9.1 - - 1.0 
Wire 1450-1500 10.2 - - 1.3 
'A' type WWHP 1500 10.4 - - 2.3 
'BI type WWHP , 1350-1450 13.1 - - 1.1 
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ANTIMONY 
Out of the 450 analyses in this project six have measurable 
amounts of antimony from 'good' analyses - see Table 12: 11. 
These analyses appear to be randomly distributed throughout 
time, with dated instances from the Roman to late medieval 
periods. 
There appears also to be no distinctive geographic character 
to the results with three very different sites, Lincoln, 
Coventry and Chester, yielding up the objects containing 
antimony. Although it may be noted that three objects (50% 
of the total occarrences) come from Chester, two of the 
samples have very small quantities of antimony, so no sign of 
a consistent antimony rich alloy can yet be realistically 
proposed as occurring in the Chester area. 
There is no apparent correlation of the presence of antimony 
in the alloy with any other element, either trace or major 
alloying element. Antimony is usually seen as an impurity in 
the ore, and often occurs in ores with arsenic eg 
tetrahedrite. No correlation with arsenic was observed, 
however, in these analyses, therefore, no product of 
tetrahedrite ore need be postulated. The antimony is not 
associated with high iron or manganese results, which might 
suggest its presence in numbers of slag particles, rather it 
appears to be present in the metal itself. Thus these small 
amounts of observed antimony appear to be a random spread of 
a trace element, randomly occurring in the copper ores used 
for the manufacture of copper alloy artifacts occurring in 
Britain over this period. 
11 
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Table, 12: 11 
Objects with detectable traces of Antimony 
Site Pin type Date Zinc Tin Lead Ni sb 
Lincoln Shaft 1000-1200 10.0 0.8 4.0 0.3 0.8 
Chester Sphere 120-150 17.6 1.1 - - 0.1 IBI type WWHP 1300-1500 15.6 - 1.2 M 1.3 
Biconical Saxon 4.4 6.9 10.1 - 0.2 
Coventry Ribbon ? 32.3 - - 0.2 0.7 
Sheet ? 8.3 3.8 0.9 0.1 0.3 
SILVER 
of all the analyses only six good and one poor have silve r 
present - see Table 12: 12. 
There are clear concentrations within the results: 
i They occur on only two sites, Chester and Whitby 
ýii- Five of the six results come from Saxon dated objects. 
It would thus appear likely that there was a supply of 
copper, or copper alloy, with a silver impurity present-in 
northern Middle Saxon Britain. 
The late medieval example from Chester is much later than all 
the others and may be seen as a later random occurkence., Of 
the Saxon samples, the large spherical headed pin from 
Whitby, W202, had very large quantities of silver and gold in 
it, and this silver is more likely to have been present as an 
alloying addition, being too large a quantity to have 
occurred as a trace or minor element in a copper ore. 
The remaining samples probably did receive their silver as a 
trace or minor impurity in the copper used in their 
II 
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manufacture. 
There are several documented instances of silver rich copper 
ores, examples having been found in Wales and Scotland 
[McKerrel 19741 as well as on the continent. There are other 
examples of small amounts of silver being found in Dark Age 
analyses eg at Ekertorp [Nasman U 19731. 
The comparative rarity in the preceding Roman and following 
medieval periods of silver rich alloys may suggest the unique 
exploitation in this period of one, or more, silver rich 
copper ore sources (or silver rich zone in a copper source). 
The products of this source being seen in places as diverse 
as Chester, Whitby and Ekertorp. 
Table 12: 12 
Objects with detectable traces of Silver 
Pin type Date Zinc Tin Lead Ni Ag 
Whitby Polyhedral Saxon 3.4 10.2 4.1 0.1 
Spherical Saxon - 19.9 4.0 - 
Spherical Saxon 18.9 1.3 2.3 - 
Large Sphere Saxon 1.0 6.0 2.5 0.2 
Chester WWHP 1500-1600 22.1 - 2.0 0.8 
(Chester Sphere Saxon 2.6 15.9 5.8 - 
(This is a poor analysi s due to small metal a rea, presence) 
(of corrosion, or other limiting factor s. 
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ARSENIC 
There are 24 good analyses which have traces of arsenic in 
them - see table 12: 13. Within these arsenic rich analyses 
there are several different groups of correlation factors. 
The analyses initially divide into two groups by date: 
Saxon and Anglo-Scandanavian. Ten analyses from Whitby 
and York all occur in the 8th-10th century date range. 
Medieval. Twelve of the remaining 14 analyses come from 
the period 1350-1600, the two later analyses might well 
be redeposited finds originally from this medieval 
date - neither found in later contexts. 
A series of further chemical groupings coincide well with 
this chronological division: 
This Saxon group of alloys have, like the silver rich 
alloys, compositions which are typical of the pýriod - 
see graph 12: 16 - with both bronzes and brasses, both 
having instances with arsenic present. These alloys 
almost invariably have tin, zinc and lead present in 
some quantity. It would appear that the arsenic, like 
the antimony but not associated with it or any other 
element, comes into the alloy as an impurity in the 
copper, from the copper ore - see chapter 9. The fact 
that this impurity is seen in both brasses and bronzes, 
suggests that a copper source was common to both bronze 
and brass manufacturers. In comparison with the latter 
group, it is interesting to note that there are no high 
i k, 
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nickel contents in this arsenic rich group: the -nickel 
contents matching well the usual observed spread of 
nickel percentages during this period. 
The medieval group have a distinctive and decidedly 
untypical composition, being composed of a pure low zinc 
brass. No tin or lead is found in these analyses, and 
with only one exception the zinc contents fall between 9 
0 
and 13.5% 
This is a very restricted composition to occur over a 
period of several hundred years, and over a large number 
of sites. This unusual and unvarying composition 
probably indicates that this alloy was the product of a 
factory/workshop, or group of factories or workshops, 
exclusively supplied with a -single source of copper, 
which was rich in arsenic, for manufacture into brass. 
This metal supply was distinctive and different from the 
usual supply of leaded brass. No examples of the 
combination of the two alloys are seen. it is 
interesting to note that this arsenic rich alloy is 
widely dispersed around the country from Canterbury to 
Chester, and is seen in a variety of the wound wire 
headed forms of pin, and as pin wire. This would 
suggest it was used alongside the more usual 
leaded brass, when it came to manufacture. The 
concentration of results at Sandal Castle is unusual. 
Clearly there was some variation in the supply which 
caused this Castle to obtain its pins and wire from a 
major supplier or dealer in this unusual alloy. 
The, - I)resenece of arsenic (and nickel) may havý' reduced 
, Ije1tin6. point_'of the, col)I)er, and thus reduced the !, i iptake , of 
zinc'in-the ceikantaCion proces,,;. 
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There is in addition to the major element anomaly a 
correlation between arsenic and the occqrrence of a high 
nickel content., Twelve of the 14 samples have nickel 
contents >0.7%, some having over 2%. The nickel is, 
like the arsenic, likely to be present from an impurity 
in the copper ore (McKerrel 19741. This distinguishes 
this Medieval arsenic rich copper from the previous' 
i- 
Saxon ore, which had no high nickel content. 
I 
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Table 12: 13 
OBJECTS WITH DETECTABLE TRACES OF ARSENIC. 
Site Pin type Date Zinc Tin Pb Ni As 
Whitby Small sphere Saxon 2.0 21.7 5.5 0.3 
Inverted Tear Saxon 19.9 1.0 6.3 - 
Inverted Tear Saxon 20.2 0.3 1.8 - 
Polyhedral Saxon 19.1 0.7 0.6 - 
Polyhedral Saxon 3.4 10.2 4.1 0.1 
Biconical Saxon 16.9 2.4 0.7 - 
Spherical Saxon 21.3 - 2.3 - 
York Wire 10th cent 10.5 - 5.9 0.5 
Cone/Disc/ 
Inv Disc 9th cent 20.9 0.7 0.9 0.3 
Shaft pre-10thC 20.3 0.8 4.2 0.5 
Canterbury IBI type WWHP 1400-1600 13.3 1.0 - 1.5 
Chester IBI type WWHP 1700-1980 11.6 - - 0.7 
Coventry Wire ? 13.5 - - 0.2 
Whitefriars 'A' type WWHP 1545-1558 10.5 - - 1.9 
Chelmsford IF' type WWHP 1700-1730 11.7 - - 0.7 
Salisbury Wire ? 13.4 - - 1.4 
Sandal Wire 1350-1450 13.2 - - 2.2 
Castle Wire 1350-1450 11.1 - - 1.6 
Wire 1450-1500 18.8 - - 0.9 
Wire 1500 9.1 - - 1.0 
Wire 1450-1500 10.2 - - 1.3 
'A' type WWHP 1500 10.4 - - 2.3 
Pin shaft 1500 12.1 - - - 
IBI type WWHP 1350-1450 13.1 - - 1.1 
Arsenic not related to high iron, therefore less likely to 
be 
present due to large percentage of slag in metal, therefore 
arsenic in copper. 
Chapter 13 
COMPUTER MODELLING 
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CHAPTER 13 
"The Constraints and Influences on the Metal Supply and 
Production System as deduced from the Analyses. " 
I 
INTRODUCTION 
In the previous two chapters the analytical results derived 
in this study have been considered in various ways, utilising 
all the existing ideas and comparative analyses available for 
this period. In this chapter an attempt is made to use the 
raw data, plus a minimum of comparative data, in order to 
derive a working model of the metal work systems pertaining 
over the period 400-1600 AD. This exercise is deliberately 
done without reference to other theories, ideas and 
information, to make a minimalist argument (that using the 
minimum number of steps, arguments and ideas) to explain the 
occurrence of the alloy composition seen in this study. 
Three separate, but ultimately relatable, approaches have 
been used. 
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PREMISE 
The total range of metal compositions* which can occur denote 
what metals are available and what is technically achievable 
with them in terms of metal formation. 
Within that boundary the distribution of the metal 
compositions is caused by economic, technical or social 
constraints. 
The changing of any one of the constraints may result in a 
change in the distribution of the metal 
composition/distribution. 
The changing of the metals available or change in the 
knowledge of metal formation leads to change in the range or 
boundaries within which a metal composition can possibly be 
seen. 
The metal composition being defined as the metal composed 
of the major alloy components, ie elements whose 
composition can be controlled. In the case of this 
project this means copper, zinc, tin and lead only. 
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The metals system we can define as the total' procedure of 
making and using metals, as well as the metal products within 
that system. In the case of this thesis, that ýpart 'of the 
metal system related to copper alloy objects is, looked at and 
referred to. 
There are many possible ways of looking at or defining the 
metals system, eg type of objects made, the technical 
processes used. The suitable descriptor is probably the 
composition (in elemental terms) of the metals employed and 
produced by the system. This is because the composition of 
the objects are defined by many of the influences which 
affect the system eg economic change, technical improvement, 
object form etc. These will often be reflected in changes or 
variations in the alloy composition. Though not all changes 
in the metals system will result in changes in alloy 
composition, the majority will and no other criteria such as 
object, weight, distribution or shape# will be as informative 
as composition. 
The metals system, as defined by the alloy composition# is 
formed of the metal added to, and existing, in the system, 
bounded by a series of constraints. 
The metals within the system can be viewed as a constant 
flow, an everchanging range of composition composed of: 
The existing metal stock - seen in practical terms as the 
existence of scrap metal being reused, and the existence 
of old objects in use and with cultural associations which 
were not present at that objects genesis. 
. 
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ii The new metal stock - the freshly made metal added to the 
metal supply, coming in the forms of ready formed objects 
and/or fresh metal to be fabricated in a variety of forms 
and states, to add to the existing metal stock. 
These together form the metal in the metals system. 
There'are also clear bounds to this metal system: 
A Metallurgical bound. This is what is technically feasible 
at any given time for any given culture, eg certain metals 
were not known to certain peoples. It also consists of 
metallurgical sensibility. Certain metals will not be 
used in certain quantities for certain purposes, eg lead 
in copper, which becomes impossible to use at high levels 
of lead due to metal separation on casting, and being too 
brittle to work. 
B Human constraints. Within the bounds of metallurgical 
possibility exist certain constraints which limit the 
alloys available-for use, 
due to a scries of social and human cons tra ints: 
U Lconomic constraints eg. the high pricýe of -ý,. wetal supresses 
its use, or its relative cheapness encourages it. ' 
0 of ii) Techaical cons idera Lions eg. -Lhe. ease 
t wiking, cas 
casting. 
iii) Aesthetic considerations eg protluced' a nice calýdr:, 
ý 
. stayed bright an(! didn't corrode. 
iv) Custom considerations eg. traditi onal- alloy recipe, 
traditional workshop practise. 
V) Superstition considerations eg. religious or magical, 
properties associated with a given object form, com'Position"or 
colour, or a special 'offe ring' added to the melt. 
These constraints, as well as the metal entering and in the 
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system, will change with time. This system is depicted- 
graphically in fig 13: 1. 
Initially the total constraints of the system will be 
considered, ie, the total possible options of analyses 
that can occur. Ideas on why certain metal types occur, or 
do not occur, can then be formulated. 
Seen in stages: 
What metals are metallurgically possible, ie section A. 
This will delineate a total field in which alloy 
composition could occur. 
Observations of areas within the delineated field in 
which analyses can occur to detect areas 'in which no 
analyses are observed, which will indicate- the presence 
of factors denoted in section B, the human constraints. 
At different dates or periods the factors mentioned in 
section B may change. 
Analytical distribution of varying dates can be examined in 
terms of areas in which there are no analyses to see if the 
factors noted in section B have changed. 
FIGURE 13: 1 A Diagrammatic Representation of the "Metal 
System" which gives rise to the observed metal' 
compositions of any one time. 
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Conceivable models for the occurrence of analyses in a given 
metal system might be the use of a mixture of two components 
100 
eg A and B where they were the only two 
A components in the system such that A+B 
%- 100% in this case all values will lie 
0 on cL . line between loo, /. 1% 
'to 
0 0/, 100 
r, 
If a third component is introduced into the system, eg C, 
such that A+B+C= 100% but where only two components are 
100 
plotted on a bivariate plot with 
A infinitely variable quantities of A, B 
Ad C, then values occurring in the 
0 shaded area are possible 
0 El % 100 
A similar graph is observed for a multi component system such 
as A, B, C, D... with only two quantities being plotted 
given A+B+C+D... 100%. 
If, however A is zinc in the alloy sys tem it has a maximum 
percentage of 30% thus, 
loot\ 
Zn 
30 
0 
0 B% 100 
and the possibilities of composition if A 
zinc and B= coppper are in the shaded 
area. The' protilý-, cis'-o"t""'ýitic*arc-- ý,, cher 
rlcalC wiCh on pi-rij; e 535 
Limiting factors are likely with both tin and lead, in that 
large quantities of either, >30%p will lead to: 
i Very weak and brittle alloys, impossible to cold work; 
ii Very heavy metal objects. 
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Thus 
loot, 
A 
% 
100 
Zn 
30 
0 30 Pb/Sn % 
"' 0 30 Pb/Sn % 100 
Therefore, given the raw materials available the maximum 
possibilities with regard to analytical composition in a 
copper alloy, 4 componant system of; Cu, Zn, Sn, Pb are: 
loot\ loot\ 100 t\ 
cu C 
0 
[ 
0 0 30 Pb% loo 100 100 
Sn 1 Zn 
30 30 
. iii zu 
Cu 
0 ig 
100 
2n 
30 Zn% loo 
0 KIV", CXM o-IfIA 0 1r Z 'IJ 
0 30 Pb % 100 0 30 Pb % 100 0 30 Sn % 100 
The areas M hatched inside the ý///lines indicating the more 
realistic areas of possibility imposed by the basic 
constraints of strength, cost, weight. Since lead and tin 
would, from a strength point of view, weaken the metal in 
similar manner. 
(ý) The diagonal line results from the'fact that the - 
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-zinc only enters the alloy system as brass, with a 
maximum composition of 70% copper and 30% zinc, thus in the 
case of zinc, with both tin and lead the area of possibility, 
was bounded by a diagonal line, ie limits of: 
Copper Zinc Lead/Tin 
70 30 0 
58 25 17 
47 20 33 
35 15 50 
23. 10 67 
12 5 83 
This acted as a three component system A, B and C, with one 
of the components being a constant 70/30 alloy. This ratio 
could have only changed to relatively diminish the zinc 
percentage and so giving increased coppper percentage, 
suppressing the tin/lead values to the same percentage, and 
the analytical'result would always be inside the zone of 
probability = shaded area. 
This series of graphs has defined the field in which 
analytical results may occur, as defined in section A. 
Some actual analyses (which are detailed in graph series 
13: 1, and are sets of copper alloy analyses from the Roman 
period) were now examined within this field of possibility to 
see if there are areas where 'no analyses occurred', thus 
representing the existence of human barriers of the type 
defined in section B, which prevent metals of certain 
compositions being formed. The data set is comprised of 
GRAPH 13: 1 Graph series depicting major element alloy 
compositions of small 'general purpose' 
copper alloy objects from Western Europe 
after Craddock P. 1975. 
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small copper alloy objects of varying dates from throughout 
Western Europe. No special alloy objects, eg statues or 
mirrors, are within this set of analyses. Any conclusions 
will relate solely to the general metal available for the 
manufacture of small unspecialised copper alloy objects. 
Using the Roman data of P Craddock (Craddock 19751 it caný be 
seen that not only do the results lie in the areas of 
possibility (obviously) but always in the area of 
probability. 
Several instances of limits in the analytical distribution 
within the area of possibility can be noted. 
The tin concentration is only seen occurring up to the 
13% level. Though the use of higher tin content in the 
metal used for special applications, eg mirrors, is 
recorded, the fact that no examples of alloys with >13% 
tin are encountered in the general object category 
implies some sort of deliberate control. In this case 
it is most likely to occur from: 
(a) Economics. The cost of tin relative to other 
metals was high, therefore only a small quantity of 
it was available for a general alloy, which was 
instead bulked out with cheaper metals. 
(b) Technical qualities. Some of the uses to which the 
objects analysed in this study would have been put 
would have required a degree of mechanical 
toughness, not inherent in high tin copper alloys. 
However, many objects, eg brooches, pieces of horse 
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brass etc. were decorative . 'and,, required, no such 
mechanical strength property. 
(c) Custom. Since the low tin 
prevalent (see volume of 
because it was already 
previously, --and objects of 
been made of this metal. 
copper alloy was more 
analysis) it was used 
there, had been used 
thisýnature had ýalways 
These factors are obviously those of the type referred 
to in section B, and in this instance cost and custom 
appear the most likely limiting factors. 
The zinc concentration. -only Farely rises above 20%, 
although occasional alloy 'compositions have zinc 
contents-up to, 30%. -- j, -IIýý,, I'- ý ,-ý, * ,, I 
Other groups of Roman analyses [Bayley and Butcher 19801 
have shown that even with zinc contents -of alloys 
restricted to that which, could be produced from the 
cementation process [Craddock 19751 alloys could 
consistently have compositions between 20-28%. Thus 
there is some form of constraint applying in the area of 
economic or custom type restrictions (as technically 
there is no reason for control being exercised) to limit 
the zinc, contents. ''- 
The lead concentrAio- is seen up to values of 25%. 
Although higher lead concentrations are not seen, there 
is considerable difficulty in producing copper alloys 
with 30% lead or greater in them. At these 
concentro, -ýciov, ýs the lead content separates out, making 
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casting virtually impossible, and any, metal created will 
not stand the simplest of working processes. - So the 
metallurgical constraint (of the section, A type) is the 
governing factor with -regard to the limit of lead 
contents. 
iv Virtually all the copper concentrations, are greater than 
70% (all greater than 68%). 
100 
70 
cu 
0' 1- -- x 0 30 100 
Zn\SAPb % 
This is clearly a constraint of the section B type, as 
much lower copper concentrations are metallurgically 
possible. The constraints on the zinc, tin and lead 
contents (Just noted) will limit the range of alloys 
which might be made, but alloys of copper 50%, zinc 20%, 
tin 10% and lead 20% should be possible. So again the 
human controlled factors are probably represented, 
ensuring that lower percentages, of copper alloys were 
notýused. The three most likely reasons for this are: - 
(a) Economics. The relative cost of copper was lower 
than that of some other metals, therefore a 
fair 
quantity of it might be used in a mixed alloy 
system. 
(b) Technical qualities. Copper, being a tough metal, 
can be used in large quantity (or percentage) to 
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make a range of tough metal alloys. with some of 
the objects in this study requiring robust or tough 
physical properties, a large quantity of copper in 
the alloy may be seen as desirable. 
(c) Custom. Copper had, to this point in European 
history, been the prevalent base metal (except for 
iron) for use in manufactured objects. Thus there 
was a great custom and tradition of using alloys 
principally based on copper. 
Comparison of a second set of general object analyses, again 
of small general copper alloy objects, from the Roman period 
- see graph series 13: 2 - reveals similar constraints to 
those noted previously. 
In this set of analyses from Richborough, by the author: 
The zinc concentration again only rarely rises above 
20%, although values up to 30% were clearly obtainable. 
Again some form of constraint was in operation, probably 
of the economic or custom type. 
The tin content of the objects only occurs up to the 18% 
level, although this is higher than in Craddock's 
analyses. Again there is a clear limit on the amount of 
tin occurring in the copper alloy below the limit 
imposed by metallurgical constraints, this again 
suggesting the existence of economic technical quality 
or custom traditions to influence the use of the metal. 
/ 
GRAPH 13: 2 Graph series depicting major element alloy 
compositions of small rod and pin type copper 
alloy objects from the Roman fort of Richborough 
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iii The lead concentration is only seen up to values of-. 18%. 
Higher levels of lead '(up- to 30%) are theoretically 
possible, thus there is clearly some human constraint 
present dictating-lower lead values. , The, most, likely 
cause is'again that of-technical, superiority. ' withrýthe 
alloys with, lower valueslof lead content, being lighter,, 
tougher and more readily workable than those with higher 
lead contents. 
iv The high, level, ýinvariably >70%, of copper-is seen. -As 
with -Craddock'-s- results,, this clearly implies the 
existence of artificially imposed constraints, such as 
C" 
the economic, technical and custom constraints mentioned 
for Craddock's data. 
It can thus be seen from these two independent sets of 
results that the general constraints on small Roman copper 
alloy objects, which require no specific properties, were 
fairly similar with the general factors of economic cost, 
custom and technical suitability influencing the alloys 
chosen;, high in copper, >70%, but often lower values of tin,. 
lead and. zinc-, than. -were strictly necessary from metallurgical 
grounds. 
Within the general category of small Roman objects the 
analysis of a smaller discrete group of objects, eg brooches 
analysed by J Bayley, have revealed certain brooch forms 
which were probably limited to being manufacturecL for a short 
time in just one or two workshop locations - as having a much 
more specific alloy type than that seen for the general Roman 
alloy. This almost certainly reflects the fact that for a 
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single workshop at'a. ' given time the economic 'and 'custom 
constraints heavily restricted the choice of metal - 
technical considerations were not important as, after 
avoiding the extremes of tin and lead content in the alloy, 
there is little difference with regard to the manufacture or 
use of a brooch in the properties of the remaining possible 
copper alloys. 
Having seen the general constraints present in the Roman 
period (approximately lasting 400 years) the Dark Age period, 
400-800 AD, can next be considered. 
Clearly the metallurgical constraints , of analytical 
possibility again apply in limiting the total field or 
possibility in which analytical results can occur. 
If we examine the results of a series of discrete groups of 
Dark Age objects in total, we will get a picture of the full 
extent of the alloy compositions occurring in this period - 
comparable with the two previou's groups of Roman analyses. 
Analyses of saucer brooches [Northover P forthcoming] graph 
series13: 3, and analysis of material from Sutton Hoo [Oddy 
19831 are considered in graph series 13: 4,13: 5 and 13: 6. 
Upon considering this data as a whole: 
The zinc concentration rarely rises above 25% (though 
there is clear grouping of composition on object type or 
style grounds). 
The tin contents of the alloys go up to 30%, no 
constraint limiting the tin content is observable beyond 
GRAPH 13: 3 Graph series depicting major element alloy 
compositions of fifth to seventh century 
copper alloy saucer brooches - after Northover 
(forthcoming) 
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GRAPH 13: 4 Graph series depicting major element alloy 
compositions of 'Saxon' style copper alloy 
objects derived from the Sutton Hoo'ship burial 
after Oddy 1983. 
IU( 
c 
0 
p 
p 
e 
r 
70 
5C 
100 
c 
0 
p 
p 
e 
r 
70 
50 
loc 
sc 
0 
p 
p 
e 
r 
70 
0 
ieau /. 
I- In -/- 
-, i r, e '4 
30 
t 
1 
70 
0 
z 
L 
70 
v 
3 O-r 
z 
1 
n 
C 
70 
,1 04 30 o 
. ieau A, 
lead 
0 
0 
I- in 1,30 
GRAPH 13: 5 Graph series depicting major elementýalloy , compositions of 'high zinc content', 'Celtic' 
style copper alloy objects derived from the 
Sutton Hoo ship burial - after Oddy 1983. 
10 
c 
0 
p 
p 
e 
r 
70 
5 
( 
I 
a 
0 
100-r 
c 
0 
p 
p 
e 
r 
70 
so 
10 
tin 
zý L 11 c /0 
30 
1 
a 
0 
30 
z 
1. 
n 
C 
70 
--i 04 30 0 
30-r 
a 
to 
lead I 
0 
Im 7 
GRAPH 13: 6 Graph series depicting major element alloy 
compositions of 'low zinc content', 'Celtic' 
style copper alloy objects derived from the, 
Sutton Hoo ship burial - after Oddy 1983. 
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that of metallurgical consideration, 'withý the -tin 
content getting so high that the alloy is brittle and 
totally unworkable. 
The lead content of the alloys is invariably low, <10%, 
only a couple of exceptions to this. This inevitably 
leads to the supposition of some form of constraint 
present, limiting the lead values. The constraint, of 
technical superiority is not applicableý in this case 
with the uses to which the objects, - eg brooches,, bowl 
fittings, were put did not require alloys with tough 
properties, and there being little difference in other 
properties between a 7% and a 17% leaded tin bronze. 
Thus the likely forms of constraint on the lead content 
of the metal are: 
(a) Economic. Diminished supplies of lead suggest, a 
shortageýof lead and a subsequent high price. ., In 
view of the large volumes of silver used in this 
period, but a restricted supply of lead, the silver 
of the period is unlikely to have been freshly 
cupelled from lead. 
(b) Custom. The use of high volumes of lead in copper 
alloys, eg for statuary etc, was dying out and not 
a common practise in this period. 
iv The copper content of the alloys is always greater than 
65%, usually about 70%. This again shows a deliberate 
constraint, suggesting technical (for toughness), 
economic (cheapness and supply) and/or custom 
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(traditional composition) reasons apply in causing this 
constraint. 
In general, for small Dark Age copper alloy objects which 
required no specific properties of strength etc there are few 
constraints of technical, economic or custom type imposed on 
the metal alloy. The copper content is again restricted to 
>70%, but the zinc and tin contents appear not in general 
terms to be limited. The lead composition is, however, 
clearly limited to <10%, and economic constraints of cost or 
supply are the most likely factor for inducing this 
constraint in the composition. 
There are interestingly similarities and differences observed 
in this macro view of the metal systems between the British 
Roman and Dark Age period. In many respects they are very 
similar, especially if the comparison is made with the. 
Richborough and Dark Age material (Craddock's data has come 
generally from western Europe). 
The consistent use of a copper base, >70%, usually argues 
that this metal was the cheapest and toughest base metal to 
use after iron. The zinc contents of the Roman and post 
Roman period are very similar, again suggesting no change in 
the human influenced factors affecting the use of zinc in 
copper alloys. The lead supply has clearly become more 
limited in the Dark Age period, and the tin content, limited 
in the Roman period, is limited only by the metallurgical 
constraints in the Dark Age period. 
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effects of metallurgical and 
human constraints on the range of alloys, found occurring in a 
typical period of time, has been deiiionstraLed. 
The Y-a i nIt's', -variable, 
di. stribution of the analyses... within' the consL 
1w i I, 'indi c ate'a 'hurilan f urther serie s of f actors ga In Of the 
constraint, '-- "type), which will differentia'lly affect the nietal 
"ýThis results in thle'variable spread of analyses usin6 
currently. ýobserved. xý 
Two methods are used to attempt this examination: 
-low UseAt niinimuw nuii-A)er of., assuiipLjons to try and achieve, 'in,. a Z' 4 
number of steps, the minimum number of variables, which, 
when combined (will from logic and simple metallurgical 
principles) create the range of compositions currently 
seen. 
Model making, where a hypothetical model of the, metal 
system will be advanced, which is then tested to see if 
it can produce comparable results to those seen upon 
analysis. 
SECTION I 
The total range of copper alloys is like all manufactured 
goods, made of a series of raw materials. Since the total 
range of compositions of non-specialised small copper alloy 
objects of the Roman and Dark Age period have been 
determined, it should be possible to use the raw materials to 
achieve all these compositions. 
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The obvious raw materials that would be required in each 
period would be the base*metals themselves: , 
Copper. There are many objects made of copper from both 
Roman and Dark Age periods. There are ingots of raw 
copper metal from the Roman period see History of 
Copper, chapter 3.1 tI. 
Indeed in this series of analyses there are examples of 
pure copper objects, eg 
Roman 
Copper Zinc Tin Lead 
Craddock 98.5 - . 07 1.4 
97.5 7- 15 
95.0 0.1. 1.2 3.9, 
97.5 1.2 2.05 
94.5 -1ý0.1 '' 
1.0 -, 3.2,, 
Richborough 100.0 
99.0 0. ý 0.8 
95.3 1.2 3.5 
95.4 3.4 1.2 
99.8 --. 0.2 
100.0 
100.0 
100.0 
546 
Copper Zinc Tin Lead 
Dark*Age 95.5 1.1 2.2 1.2 
99.8 0.1 0.1 
99.5 - 0.4' 0.1 
96.0 0.1 2.1 1.5 
(Note that many of these coppers contain 
small amounts of tin and lead) 
Zinc. In this instance brass, must be regarded as a raw 
material, as zinc-metal was not available as a pure 
metal at this period. The cementation process of brass 
making was the only method of putting zinc into. metallic 
form. This process was certainly done using-Pure copper 
since we have pure coppper/zinc alloys putting 
approximately 30% zinc (or less) into a brass metal. 
Bronze, leaded copper etc might also have been used 
instead of copper as the raw material in the cementation 
process, but we have no evidence for this. Therefore., 
pure brass is the only certain raw material giving us 
the input of zinc into the metal system. 
There are to my knowledge no, ingots of raw brass metal 
(although Craddock has postulated the example 11*11 as a 
possible brass ingot. There are, however, many examples 
of objects made of brass. There are indeed a number of 
examples of objects in this series of analyses that are 
examples of brass. 
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Copper Zinc Tin Lead 
Roman 
Craddock 81.5 18.68 .6 .2 
69.5 28.0 . 07 1.3 
69.5 27.5 .1 - 
73.5 25.6 Tr 0.13 
83.5 15.6 .4 
79.0 19.1 - 2.15 
77.0 23.0 . 05 .1 
*72.0 26.0 Tr Tr 
Richborough 77.13 21.6 0.9 0.4 
85.74 14.3 - 
80.39 16.5 0.8 2.4 
80.9 17.3 1.2 0.6 
81.3 16.8 1.5 0.5 
87 .4 11.87 - 
0.7 
82.3 15.4 1.8 0.5 
82.9 13.5 2.3 1.28 
84.8 14.37 0.2 0.6,, - 
80.91 18.19 0.4 -5 0. 
84.78 12.5 1.7 1.0 
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Copper Zinc Tin Lead 
Dark Age 80.5 18.7 0.1 0.1 
74.5 23.6 0.1 0.1- 
77.5 20.5 0.1 0.1 
74.6 22.8 0.3 2.3 
85.6 16.0 0.1 0.5 
68.7 28.0 0.9 2.5 
76.2 19.4 1.9 '2.6 
80.1 17.8 1.2 0.9 
(It is interesting to note that many of 
the brasses contain traces of tin and 
lead, similar to those seen in some of 
the 'pure' coppers) 
Tin. This metal occurs in the pure metal form in the 
Roman period both in the form of objects and possibly as 
ingots [Tylecote 19781. Though the pure metal was thus 
obviously available, occurrences of it'are very rare. 
iv Lead. This metal occurs extensively in the Roman period 
in the form of objects and as ingots [Tylecote 19621. 
The level of metal found would indicate that it was 
plentiful at that period. Lead objects also occur in 
Dark Age contexts, thus showing that the pure metal was 
available throughout this period. 
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Although the copper, brass, tin and lead metals are the 
starting raw materials for the creationý, of the alloy, 
composition seen in this study, the analyses. reveal that-this 
is not the whole story. 
The results of the zinc/tin and zinc/lead graphs-all ýoccur 
below a line drawn from the highest zinc value to the highest 
lead/tin value. There are clearly no high zinc and high tin 
30K-, 
Zn 
2 30 
and lead analyses occurring (although they could exist in 
theory - see previous section). Thus the zinc and tin or 
lead are not independent variables ie a situation such as the 
addition of pure tin to a 25% zinc brass (theoretically 
forming a 15% tin, 21.3% zinc and 63.7% copper alloy for 
example, which never arises). 
This suggests that the zinc (brass) and tin (and lead) are 
not usually available for addition to the metals system as 
pure metals, but rather enter it already in some other form, 
ie already diluted as alloys. 
As we have already seen, the copper and brass, which we know 
as raw materials, have been found in unaltered form as object 
compositions. It would be reasonable to assume that the tin 
alloy and lead containing alloys would also be found there. 
As with the brass these alloys should be the highest 
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percentage tin or highest percentage, lead. alloys seen 
occurring in the analyses, so that in combination -,, with, the 
other raw materials they would readily combine,, to form the 
range of alloys seen. 
For the Roman period the alloys with the high tin content are 
seen as a series of high tin bronzes, eg. 
Copper Tin 
I 
Lead -Zinc 
88.0 10.3 . 23 . 54 
88.0 10.5 . 03 .2 
88.5 11.1 1.2 - 
73.0 10.4 16.4 
The high lead content occurs in a series of high lead, low 
tin bronzes, eg. 
Copper Tin Lead Zinc 
75.5 3.05 19.7 . 02 
71.5 9.38 18.4 - 
71.0 5.6 23.2 - 
69.0 5.5 25.0 . 15 
74.5 7.2 19.0 - 
68.0 6.4 25.2 . 44 
Both these series of alloys (no examples of a high tin and 
high lead bronze were found) when mixed with the other raw 
material metals (copper and brass) can form any alloy 
composition observed in our general Roman results. 
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The relationship of the lead- , and , tin ', results - occur- in a 
fairly random manner, mainly within an 
30 
area limited by the highest v alues of 
Pb 
each element, seen in the copper alloys. 
0 
This suggests that no constraining 
... relationship between tin and lead exists, 
0 Sn % 30 11 ''. 1 1ý 
ie they were independent 
variables. Thus these metals are beirtj added independently, 
probably in the pure metal state to each other, to make their 
alloys together (high tin bronze or high leaded bronze). ýThe 
only limiting factor being the increased weight and decreased- 
toughness of a combined high lead/high tin alloy discourages, 
the formation of this type of high value alloy, which is 
consequently rarely seen. 
The Roman copper alloys would thus appear to be formed in a 
two stage process. 
First: Production of metals, presumably at smelting 
and mining sites: 
Copper 
Tin 
Lead 
Zinc ore. 
Second: Production of metals which enter general use: 
Copper 
Brass (>70% copper, < 30% zinc) 
High Tin Bronze (typically 89% copper 11% tin) 
High Lead Bronze (typically 20% lead 4% tin 76% 
copper) 
These second metals are the ones which appear to have been 
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used in the Roman period, together, with--ý,, any combination--., of 
themselves. 
For the Dark_Age period, though a similar situation f le 0r nc_ 
__r 
o 'E''CaT -ccu- a- e-. ýnd h6-p-ce, pupp yý to, tilel' 
Roman one is observed -w-iih--, -ie-gai-d--fo-zin-'6-'and tin, 
it is not seen with regard to zinc and lead. Zinc and lead, 
like the tin and lead, have no observable relationship beyond 
the effect of limiting the 
total pcrcetitaýýe of I'oy i ne, iiietals added: -to"k-eep, I the' finai alloy 
worýýable. - , 
The non-occurrence-ofýhigh zinc and'high tin values, co%xUagain 
be explained in terms of the raw elements, eg tin, not being 
s- q--&ý SVI 
available to add: -Arather that the metal, supply ': contained ýa 
high tin bronze eg. I. % 
Copper-. Ti n, Lead- Zinc 
79.1k 13.0 7.0 
68.0ý- 26.0- 4.1ý 1.5,, -- 
74.0,20.2 5.5 0.4 
-72.4,. 
20.0- ý6.5 
1.2 
73.8 21.0 4.0 0.8 
This series of alloys would, in combination with copper and 
brass, have produced most of the alloy compositions found for 
small Dark Age copper alloy objects. The lead values within 
the objects are nearly matched by those occurring with the 
high tin bronze, although any unusually high lead figures 
might be due to the addition of pure lead metal. 
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The Dark Age coper alloys would thus, like the Roman ones, 
appear to be formed in a two stage process:. 
First: Production of metals, presumably, at smelting 
and mining sites: 
Copper 
Tin 
Lead 
Zinc ore 
Second: Copper 
Brass (>70% Copper< 30% zincO 
Lead 
Bronze (variable tin 13-16% tin, 5% lead, 1% 
zinc, 81-68% copper). 
These second metals are the ones which appear to have been 
used in the Dark Age period, together with any combination of 
themselves, though it is noticeable that there are much fewer 
mixed quaternary alloys in this period, seemingly much less 
mixing of the bronze and brass based alloys. 
554 
SECTION II 
The range of alloy compositions noted at any one time is the 
result of the system of metal use at thatýperiod, and, the raw 
materials which have been fed into it. In this section an 
attempt is made to achieve a working model of both the system 
of metal use and the metals fed into that system in order to 
reproduce the observed distribution of results. 
The metals used to constitute a new metal object can be drawn- 
from three sources: 
(a) scrap reuse 
native 'fresh' metal 
(C) both a and b. 
It is not a static system, so at any one time/date the metal 
compositions in use reflect both the alloys which have been 
made and those which are being made: any change in the system 
is caused by an expansion or diminution of a supply of one of 
the metals or its ore for whatever reason, economic, 
technical etc. This will lead to changes within the 
distribution of alloy analyses. if both systems are in 
operation - recycled scrap and native 'fresh' metal productsý 
- then if there is recycling of material then there will-be a 
mixing of scrap and fresh metal in the next round of scrap 
reusage. Therefore the degree of mixing of the two metal 
systems depends on the rate of scrap metal reusage. 
We know none of the factors involved in this system, eg rates 
of metal supply and level of reuse etc. However, one can try 
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to make a working model;, of the metal system, by running 
"MIXAL" a computer program which uses,. varying-levels of:, - , 
(a) percentage scrap reused and percentage raw material 
(b) the number of objects melted together 
(c) how often the metal was remelted 
to try and produce the analytical composition seen at a given 
period. Initially it can be assumed that the composition of 
the scrap metal and native metal being used in the model can 
be provided: 
(a) by scrap metal from the observed analyses of the 
previous period; 
(b) by the fresh metal from the likely fresh metal s 
available at that period; 
as deduced in the previous section - see Section I. -,, 
The number of objects and number of remeltings can be varied 
empiricaly to get the "most likely" results. 
If one takes a hypothetical situation: 
That the Roman province of Britain was part of a general ly 
uniform and undisturbed Roman empire that suddenly 
collapsed in 410 AD. The Roman economy crumbledl and 
Barbarians invaded and lived by scavanýiNý from the Roman 
sites. In terms of the metal system all complex exchange 
and trade systems, eg foreign imports, mining and refining, 
collapsed. This sytem would mean that Dark Age copper 
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alloys would be composed of Roman objects melted down as 
scrap metal for reuse, with subsequent cycles of remelting 
and recasting for reuse. This is the system which Kristina 
Lamm has proposed as operating at the Helgo workshop [Lamm 
1980 p 991. 
This can be tested by using a computer generated model to 
simulate this metal system. The computer program MIXAL - 
see program listing - operates by taking a data set of 64 
results, each result expressed as the percentage constituents 
of the four major elements: copper, zinc, tin and lead; then 
selected a number of results at random. The number of 
results chosen was determined by the operator. The analyses 
were chosen at random from the data set, with an uninhibited 
and unbiased choice each time. The resultant alloy which 
would derive from the melting of the chosen pieces of scrap 
metal was then printed. This was done a total of 64 times, 
to produce a new data set of alloys. This process could then 
be repeated a number of times. The operator could chose the 
number of remelting cycles required and either print the 
final resultant data set, or plot it out on a series of six X 
Y plots, in which every element was graphed against every 
other element by invoking a computer program PLOTEL - see 
program listing. 
In the initial computer model# the total reuse of Roman scrap 
metal, a suitable data set must be provided. A data set such 
as that of P Craddock or the present author's analyses of 
material from Richborough are both suitable, being composed 
of small portable Roman copper alloy objects from a range of 
P;; C ýi #ý A :0N, IyAL 
1 ;'ENSI ri 4 t, 4 E t. 4CL(4 
ýPZN (ZpFILEAIE P% ýj L. ISI) 
OPEN(3yFILE-'QESAL7') 
0PEN(lpFILE-'CQ6DAL') 
RITEp 'INPUT THE f-L, ý-iEq CF PIEM CF SCPAý 76 EL 
1rlELTED TOGETHER$ 
READ(V, o*)N 
CCMPOSITIGNS ; E, ýLlkE 6; RITE(*p*) OINPUT THE NUM? ER OF NEx ID 
READ (*p *)M 
dRITE (*p *) IINPUT THE V0, ei R CF ý EMELI IN6 CYCLES ICL RECLIRE 
READ(*, *) L 
IZ-0 
10 I2-IZ+l 
. oRlTE(2, tll)N 
11 FORMAT (2)rp'THE REMELTING [F IP13pi PAýEjCt- PIECES CF SCRAP 
1 METAL PRODUCES ALLOYS OF THE CCMPOSMCNýl) 
I-0 
20 1-1+1 
Dr. 22pJl-lp4 
C(Jl)-003 
22 CO, *4tINUE 
J-0 
25 J-J+l 
26 CALL GC5CAF(O) 
xuGo5CAF(C) 
T-(x*54) 
KzT 
IF(K. EO-0) GOTO 26 
00 30jJl-lp4 
C(Jl)-C(Jl)+A(JIPK) 
30 CONlINUE 
IF(J. E0oV)GOTO 35 
G070 25 
35 DO 40PJ1-1#4 
D(Jl)-(C(Jl)/N) 
4C CONTINUE 
IF(I2oLT@L)G0T0 55 
iRITE(2p4l) D(l) 
FORMAT (2X, lXCUli4b. ý) 
WRITE(ZP42) 0(? ) 
42 F ORIA. At C2X, ITWPFý. ý: ) 
ýiRITE(2P43) D(3) 
43 FORiMAT (2)(POISKIPF5-2) 
wRITE(2P44) D(ý) 
44 FORMAT (2y, l7P8lj#F59i: p//l) 
VRITE(3,50 D(1)pDt2), 0(3)pD(4) 
10 FORMAT(lY, 
F5*2, lYPF5o2plypF5o2, lXpf'I*Z) 
!5 V-47.9 
IF(L. NE. 1)VITO 70 
lF(I. E0sM) GOTO 100 
GQlO 20 
70 DO 80PJ1-1,4 
d(jlpI)-c(JI) 
bo CONTINUE 
IF(I. LT964) GOTO 20 
DO 9()plul#64 
DG 85@Jl--lj, 4 
A(Jl, tI)-A-(Jlpl) 
C5 CONTINUE 
ryu CONTINUE 
IF (12. LT. L)G07) 10 
ico Y. 1 
PROGkAM PLOTEL 
01MENSION A(4ptl), ý(L-1), C(tj) 
OPEN(lPFILE-IROMALI) 
DO 61, Jl-lp4 
00 5, N-lptl 
B(N)zA(JlpN) 
5 CONTINUE 
00 20PJ2=lj, 4 
IF(J2*LE. Jl) GICTO 20 
DO 7PN-lptl 
C(. N)-A(J2pN) 
7 CONTINUE 
CALL J? AXES (CP61, lC; -0PlELi, lENTtL%'PlLp 
l6sblpl0*0PlELEltENTALXl, lC) 
DO 10#1*1,61 
CALL MARKPT (C-(l)PB(l), 4) 
1 C, C 01 NIIN L' E 
20 CDNTINLE 
61 C ON TINUE 
CALL ENDPLT 
END 
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Roman periods which would be the sort of material likely to 
be picked up and reused as scrap metal. 
The're-sults, or data-sets, were for ease of understanding 
. displayed graphically in the form of two graphs: 
i Zinc vs tin concentration 
ii Copper vs lead concentration 
initial 
The A data sets, can be seen in graphs 13: 79compared with 
the 
graphs of 13: 8, /, aYe very similar, as would be expected with 
groups of similar material. 
For comparison with the results produced from the models, 
various groups of Dark Age copper alloy analyses are 
reproduced in identical manner, see graphs of 13: 9 analyses 
of saucer brooches of the late 5th and 6th centuries 
[Northover forthcoming]; graphs of 13: 10 analyses of 
metalwork of Saxon style of 7th century date; graphs of 13: 11 
analyses of metalwork of Celtic style 1 of 7th century date; 
and graphs of 13: 12 analyses of metalwork of Celtic style 2 
of 7th century date [Oddy 19831. 
The initial models utilise: 
(a) The Roman analyses [Craddocks 19751, as being the total 
metal input into the model. 
It then takes a series of "guessed" values for: 
(b) The number of objects melted together 
(c) The number of times the metal was recycled. 
GRAPH 13: 7 The zinc vs tin, and copper vs lead graphs, 
from analytical compositions of-small 'general 
purpose' copper alloy objects -from Western 
Europe after Craddock 1975. 
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GRAPH 13: 8 The zinc vs tin, and copper vs lead graphsý, 
from analytical compositions of small rod- and 
pin type copper alloy objects from the Roman 
fort at Richborough. 
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GRAPH 13: 9 The zinc vs tin, and copper vs lead graphs, 
from analytical compositions of fifth to 
seventh century copper alloy saucer brooches- - 
after Northover (forthcoming). 
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GRAPII 13: 10 The zinc vs tin, and copper vs 'lead, 'gr'aphs, 
from analytical compositions of 'Saxon style 
copper alloy artifacts derived. from the Sutton 
Hoo ship burial - after Oddy 1983. 
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GRAPH 13: 11 The zinc vs tin, and copper vs lead graphs, 
from analytical compositions of 'high zinc 
content' 'Celtic style' copper alloy artifacts 
(Celtic 2) derived from the Sutton Hoo burial 
ship - after Oddy 1.983. 
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GRAPH 13: 12 The zinc vs tin, and copper-vs lead graphs, 
from analytical compositions of 'low zinc 
content' 'Celtic style' copper alloy artifacts 
(Celtic 1) derived from the Sutton 11oo, ship 
burial - after Oddy 1983. 
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The results produced are seen in 
gr aph ic form in graphs of 13: 13 to 13: 19. 
Results 
RESAL 1 
RESAL 2 
RESAL 3 
RESAL 5 
RESAL 7 
RESAL 8 
RESAL 10 
Graph 
13: 13 
13: 14 
13: 15 
13: 16 
13: 17 
13: 18 
13: 19 
Number of Objects 
2 
4 
8 
32 
4 
4 
4 
Number of Recyles 
1 
2 
4 
3 
GRAPH 13: 13 RESAL 1: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap of two 
objects for a single remelting. 
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GRAPH 13: 14 RESAL 2: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap of, four 
objects for a single remelting 
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RESAL 3: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap 'of eight 
objects for a single remelting 
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GRAPH 13: 16 RESAL 6: The zinc vs tin, and copper vs lead 
graphs, Irom analytical compositions derived 
from simulated reuse of Roman scrap, of 32 
objects for a single remelting 11 1 
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GRAPH 13: 17 RESAL 7: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap of four 
objects for a double remelting 
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GRAPH 13: 18 RESAL 10: The -zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap of, four 
objects for three remeltings 
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GRAPH 13: 19 RESAL 8: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap of four 
objects for four remeltings 
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These results show what happens to any metal system purely 
dependent on scrap metal as its raw material. In a very 
short time an average composition, derived from mixing and 
remelting the same alloys over and over again, is the one 
constantly being found for all objects. The system will be 
achieved even if the term scrap includes not only the last 
set of alloy data, as used in the present computer model 
alloying program, but uses the original data set as well as 
the new analyses. 
It would appear likely that the rate of formation of the 
average metal composition is influenced by: 
i the number of objects remelted on average every time, 
ii how often the metal was remelted, 
iii the degree to which-the original and subsequent alloys 
were reutilised from scrap metal. 
The fact that analytically the above situation has never been 
seen in British copper alloys demonstrates that 'there has 
never existed for any great length of time a situation where 
no native metal was available in Britain for addition to the 
general metal, ie it was never purely dependent on recycled 
metal for any great length of time. 
This model does not reproduce all the types of alloy 
composition seen in the Dark Age period, indeed none, of 
the 
degrees of recycled Roman material matcýes well any of the 
observed groups of Dark Age analyses. From this it may be 
concluded that the hypothetical situation of Dark Age metal 
being made solely by remelting and reuse of Roman scrap 
objects is unlikely. 
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A further refinement can be added to the system by, variation 
in the metal supply. 
For the sake of simplicity two of the other variables were, 
therefore, held constant during the next series of models. 
The average size of the Dark Age crucibles found on 
excavation was noted [courtesy of J Bayley] and rough 
estimates of the size of the scrap metal objects suggested 
that four objects would be the most likely number to be 
melted together to form a crucible full of metal. An estimate 
of two recycles was also used, this was because the previous 
results had shown that more recycles than this produced a 
condensing of resultant compositions, which was not observed 
in actual analyses. 
The model of the use purely of Roman scrap can be refined by 
supposing the existence, through the collapse of the Roman 
empire, of some kind of trade and metal production. The most 
easily postulated metal producing industry might be that 
producing a metal produced prior to the Roman invasion, ie a 
leaded bronze. Therefore, a series of results were obtained 
- see graphs of 13: 20 and 13: 21 - by running 
varying ratios of scrap metal and a leaded bronze (copper 
81%, tin 15%, lead 4%), through the computer model. 
Results Graph No. of Scrap Objects No. of Bronze objects 
RESAL 12 13: 20 32 32 
RESAL 13 13: 21 48 16 
RESAL 14 56 8 
* not illustrated graphically 
GRAPH 13: 20 RESAL 12: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap (50%) and a 
leaded bronze (50%) comprising four objects for 
two remeltings 
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GRAPH 13: 21 RESAL 13: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap (75%) and a 
leaded bronze (25%) comprising four objects for 
two remeltings 
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An alternative refinement of the model may be suggested from 
the observation that severa( pieces of high purity brass, eg 
the bands on the York Anglian Helmet, have come from Dark Age 
contexts [Addyman, Pearson and Tweddle 19821. It might be 
supposed that the restoration of some form of political and 
economic stability might have emerged early in the post Roman 
period in the France/Germany area of Europe in the form of 
the Carolingian and Merovingian kingdoms. This coincides 
with an area of Europe known in Roman and m6dieval times for 
its production of brass, ie the Aachen and Meuse areas. Thus 
it is possible that one of the earliest fresh metal supplies 
available to post Roman Britain was a supply of a brass (eg 
copper 80%, zinc 20%). 
Therefore a series of results were obtained - see 
graphs of 13: 22 to 13: 24 - by running varying ratios of 
scrap metal and brass through the computer model. 
Results Graph No. of Scrap Objects No. of Brass Objects 
RESAL 15 13: 22 32 32 
RESAL 16 13: 23 48 16 
RESAL 17 13: 24 56 8 
A further refinement of the model, and indeed in view of the 
knowledge we have of alloy compositions of the Dark Age 
period a more likely model, is the existence of both the 
previously mentioned system producing fresh metal, operating 
together with the use of some Roman scrap. Therefore, 
varying ratios of leaded bronze, brass and Roman scrap metal 
were fed through the computer model, and the results obtained 
- see graphs 13: 25 to 13: 28. 
GRAPH 13: 22 RESAL 15: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap (50%) and a 
pure brass (50%) comprising four objects for 
two remeltings. 
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GRAPH 13: 23 RESAL 16: The zinc VS Lin, and copper vs lead 
graphs, from , analytical compositions derived from simulated, reuse of Roman. scrap (75%) and a 
pure brass (25%) comprising Jour, objects for 
two remeltings 
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GRAPH 13: 24 RESAL 17: ' The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap (87.5%) and 
a pure'brass (12.5%) comprising four objects 
for two remeltings 
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GRAPH 13: 25 RESAL 18: The zinc vs Lin, and copper vs lead 
graphs, from analytical composiLions derived 
from simulated reuse of Roman scrap (25%) 
leaded bronze (37.5%) and pure brass (37.5%) 
comprising four objects for two remeltings 
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GRAPH 13: 26 RESAL 19: The zinc vs tin, and copper vs' lead 
graphs, from analytical compositions' derived 
from simulated reuse of Roman scr. ap (50%) 
leaded bronze (25%) and pure brass (25%) 
comprising four objects for two remeltings 
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GRAPH 13: 27 RESAL 20: The zinc vs tin, and copper vs lead 
graphs, from analytical compositionsý derived' 
from simulated reuse of Roman scrap (75%) 
leaded bronze (12.5%) and pure brass (12.5%) 
comprising four objects for two remeltings 
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GRAPH 13: 28 RESAL 21: The zinc vs tin, and copper vs lead 
graphs, from analytical compositions derived 
from simulated reuse of Roman scrap (87.5%) 
leaded bronze (6.25%) and pure brass (6.25%) 
comprising four objects for two remeltings 
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Results Graph No. of Pieces No. of Pieces No. of Pieces 
of Brass of Bronze of Scrap 
RESAL 18 13: 25 24 24 16 
RESAL 19 13: 26 16 16 32 
RESAL 20 13: 27 8 8 48 
RESAL 21 13: 28 4 4 56 
When one compares the first group of Saxon analyses namely 
the saucer brooches, with the theoretically generated series 
of results on a visual basis (as time and facilities were no 
longer available to use computer comparison of the two 
distributions) it would appear that Resal 15, a single scrap 
remelt of objects randomly selected from a group composed of 
half Roman scrap objects and half leaded bronze objectst 
produces results which best match those of the saucer 
brooches. 
This model, therefore, appears to provide the most likely 
genesis for this material, rather than the thesis of the 
simple reuse of Roman scrap metal. 
Comparison of the derived data sets with that of the Sutton 
Hoo 'Saxon' data again reveals that the best fit to the 
observed data is also Resal 15, again the half Roman scrap 
and half leaded bronze is a better working model than that of 
pure remelting of Roman scrap metal. 
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The Sutton Hoo Celtic Type 1 is like none of the 'models 
postulated. It is clearly much more based on leaded bronze, 
with very variable percentage of tin, than any of the models 
so far put forward. It is also clearly not derived from the 
reuse of Roman scrap metal. 
The Sutton Hoo Celtic Type 2 is not like any of the models 
postulated. It is clearly much more based on a'brass with 'a 
variable zinc content than any of the models so far put 
forward. It is also clearly not derived from the reuse of 
Roman scrap. 
If all the analysed Dark Age objects were looked at together 
including saucer. brooches; Sutton Hoo Saxon, Celtic Type 1 
and Celtic Type 2; it can clearly be seen that there is a 
great variation in the compositions from high zinc brasses to 
pure tin bronzes, with a good range of compositions between. 
This range of compositions is not met by the reuse of 
remelted Roman scrap, and indeed is not well matched in the 
models by any of the models we have so far suggested.. 
]Further refinements are required to produce more accurate 
models, which can be better compared (numerical matching 
rather than visual) to the observed results. 
Suggested future refinements might be: 
''I 
Computer comparison of the distributions 'to ' give 
accurate assessment of the 'nearness of fit'' of"a 
postulated model to the actual observed results. ' 
The introduction of further random factors into the 
models, the use of a variable number of objects for 
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remelting between one and four, this will introduce a 
few 'high' concentrations of zinc and tin results, as 
seen in Sutton Hoot Celtic, 1, and Celtic 2. Also 
variation in the number of recycles . -of the , scrap (or 
none) would produce a few 'high' concentrations of zinc 
and tin as better matching observed results. 
The use of the addition of v 
with varying zinc content in 
in the leaded bronze. This 
conditions as the control of 
exactly 20% zinc for example 
period. 
ariable composition alloys 
the brass, and varying tin 
would better mimic real 
a metal's composition to 
was not possible at this 
iv The introduction of another possible metal - pure or 
nearly pure copper - into the systems. Analyses have 
shown that this material was clearly available at this 
period and being used to make objects. 
These and many other additions would make the models much 
more sophisticated and better able to predict what sort of 
system of metal use turned out a given group of copper alloy 
objects. 
It is hoped that the limited form of model construction 
undertaken in this section has shown that the simple reuse of 
Roman scrap metal to produce the copper alloy objects of the 
ensuing Dark Age period is no longer a tenable model, and 
should be rejected in favour of a model which supposes the 
addition of some new metal to the supply system. Indeed# in 
the case of the Saxon style metalwork from Sutton Hoop and 
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the saucer brooches, it appears from the best model we have 
available, that the metal system which supplied the metal 
for these objects relied as much on fresh supplies of leaded 
bronze as they did from the reuse of Roman scrap metal. 
4 
Chapter 14 
CONCLUSIONS 
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HISTORY: From analysis of the written sources it can be 
concluded: 
14: 1 Roman and Dark Age contexts produce a small number of 
relatively large pins, often decorative. The 
transition to the medieval period is marked by the 
use of a large number of relatively small pins of an 
essentially functional nature. This change resulted 
from changes in the style of dress. 
14: 2 Pins of the medieval period were manufactured by 
guilds of craftsmen, which were present in most major 
medieval British towns from the 14th century onwards. 
Pinners guilds, which flourished in the 15th century, 
declined in econcmic power during the 16th century 
due to the high levels of imported pins. 
14: 3 The British pin industry began to flourish again in 
the late 17th century, after the removal of the 
monopoly on brass and brass wire manufacture in the 
1690s. There was adoption of the use of specialised 
"division of labour" - see Smith A 1776 - in the 
'new' pin manufactories, which were initially sited 
in the Gloucester and Bristol area, due to the 
proximity of the brass making industry. 
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14: 4 The pin industry flourished in the l8th-and 19th 
century in places like Warrington and London, 
utilising the pools of cheap labour of- women and 
children in the cities. ' Machine manufacture of pins, 
which commenced in 1824, largely replaced hand made 
pins by the 20th century. 
TYPOLOGY 
14: 5 A typology of the major pin head forms for the period 
400-1600 AD was established, which not-only provides 
a framework of cultural and chronological 
associations for most of the major pin head forms, 
but also defines for the first time many of the 
medieval pin forms such as the early composite pins# 
eg the "beret" and "lenzoid" pins. 
14: 6 The major medieval pin head type was-the wound wire 
headed pin. ý It comprised a wire, shaft with, 
typically, two turns of wire for the head. Three 
major denoted types, A, B and C, had the head wire 
stuck, stuck and crimped, and stamped (into a 
spherical head form) to the-shaft, respectively. The 
prevalence of these head forms changed with time as 
did many of the physical'and-chemical parameters of 
the pin. 
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15th and 16th century contexts produced mainly 'A', 
type pins, with long thick shafts, 30-60mm in length, 
often with 1.7 turns of head wire, with medium zinc 
content brass used in the wire of which the pin was 
made. 
The 'B' type pin is seen in later contexts, but is 
only slightly shorter, and of similar zinc percentage 
to the 'At type. 
17th and 18th century contexts produced mainly ICI 
type pins which were thinner and shorter, 20-30mm in 
length. There were usually 1.9 or 2.2 turns of head 
wire and a higher, 20% plus, zinc content. 
TECHNOLOGY: From the physical examination of examples of pins 
it could be concluded: 
14: 7 Roman and Dark Age pins were often cast in two piece 
moulds, often from leaded bronze. Brass and other 
copper alloys were also wrought, often from square or 
rectangular section rods, to form pins. 
14: 8 The medieval period is characterised by pins of 
composite manufacture, usually with 'stuck' or 
stamped on heads. The shafts are invaribly composed 
of a "strip drawn" wire, no evidence of drawing 
pre-dating the 12th century having been found. 
- -1 
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14: 9 The heads of the composite pins, whether 'beret' or 
wound wire headed type, were of a different, but 
similar, metal to the shaft. The matrix used to 
attach the head was characterised as being composed 
of two phases: 
(a) A visually smooth phase, composed principally of 
phosphorus and copper, with traces of calcium 
and chlorine detected. This is probably some 
form of copper phosphate, and is usually found 
in particles throughout the matrix and around 
the top of the shaft, possibly used as a flux? 
(b) A visually vesicular matrix composed principally 
of tin, possibly in the oxide form, with traces 
of copper, zinc and silicon. The phase forms the 
major part of the head attachment matrix. 
14: 10 White metal (tin) coatings are found on pins as early 
as the 10th century. By the late medieval period the 
vast majority of pins had a chemically deposited coat 
of tin. 
In many archaeological examples, it has woýn 
off. 
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ANALYTICAL 
14: 11 An existing 
to produce 
utilising a 
of dedicatei 
obtained it 
X-ray fluorescence facility 
quantitative analytical 
series of analysed standar& 
d computer programs. From 
could be concluded: 
,jI 
was adapted 
results by 
s, and a suite 
the analyses 
14: 12 In the Roman period the wide variety of analyses 
indicates the selection of a 'convenient' 
metal ('stock' metal) for the manufacture of pins. 
Concentrations of analyses indicates two separate 
metal supplies, one based on br_ass the other on 
bronze, were available. The availability of these 
metals varied with time, LW- -A 
ma(\ufactories making the object. 
14: 13 The Saxon period continued to be supplied by two 
separate metal supplies, one based on brass the other 
on bronze. The metals were sometimes used to make the 
same type of pin, though occasionally, pin types are 
made of only one metal, eg spiral and flat headed 
pins of leaded bronze. The later Dark Age period 
shows the continued survival of the brass and bronze 
based metal supplies, though the bronze metal 
declines in occurrence during the llth century. This 
is particularly well reflected in the debasement 
alloys used in English silver coinage. 
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14: 14 The llth to 14th century period largely produced a 
medium range 0-229 zinc, low tin 0-5%, brass., This 
metal, which was used for wrought manufacture, 
appears also to have formed the basis of the metals 
used for casting, with the addition of 1-10% lead. 
The nickel content of this brass based alloy was low. 
A contrast is provided by a small number of examples' 
of a nickel - and arsenic - rich brass alloy--Azinc' 
10-15%) which is also occasionally seen in this 
period. 
14: 15 From the 14th century onwards a high zinc brass 
(20-30% zinc) with a low lead and no tin content is 
seen. It replaces the earlier alloy and has a higher 
nickel content, probably indicating a change in the 
source of copper used to make the brass. The metal 
of this period has a very stable compositiont with 
alloy variation on a single site over 10 years being 
as large as that for all British sites over 200 
years. During the 17th, 18th and 19th centuries the 
only change in the alloy was an increase in the 
maximum percentage of zinc obtained. 
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14: 16 Using the example of the Roman/Saxon transition 
point, a model of a metal system has been defined in 
terms of: 
The type of metals seen both as products and 
intermediary products 
The degree of mixing, scrap reuse, fresh and 
intermediate metals, used to create the observed 
analyses. 
The constraints on the system viewed in terms of 
"", 2 
why certain al loysA not created or used. 
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APPENDIX A 
List of occurrences of Pin types encountered- 609 
in this*study" 
An accouýt of, 16th and 17th century British' 
Copper Industry 
632 
An account of 16thand 17th century British 646 
Brass Industry 
Experimental Work refining and testing aspects 659 
of the Pýrimary and Secondary Fluorescence 
Equation as applied in deriving the analytical 
results for this thesis. 
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EXAMPLES OF PINS NEEDLES AND DECORATED SHAFTS, ENCOUNTERED IN 
THE COURSE OF THIS THESIS BELONGING TO GROUPS IDENTIFIED -IN 
CHAPTER 2. 
Place Site Code/Museum No. Date 
(if any) 
NE1 Chester: Meols (17 examples) 
Chester CHE/HW80. II 121 37 
BM: Faversham 1266 A170 
BM: Faversham 70 4-2 800 
Chester CHE/GFC 1976-8 1 
99 162 17th-18thC 
Chester CHE/GFC 1976-8 1 
213 372 Medieval 
Chester CHE/LBS 1974-6 1 
96 318 Post Med 
DOE: Ickham DOE Lab No. 746526 
it . It 01 11 746313 
It It of 746311 
11 111 of 746312 
go It of 11 of 746363 
to if go It of 746358 
York: Coppergate SF No. 2436 1300-1600 
11 of of to 2554 1200-1500 
of it of of 10521 900-950 
of It to 99 933 1100-1300 
It II go it 8751 900-1000 
go it is 970 1100-1200 
of to to 901 1100-1200 
go It 01 1430 1100-1500 
of to 1068 1100-1300 
it to 2870 1200-1500 
of is It 6941 - 
go it to 7489 935-975 
NE2 Devizes: Black Patch BP SK 85 Saxon 
Chester: Meols (9 examples) - 
BM: Faversham [P21 1229 170 - 
Oxford: Abingdon B9 - 
of : Brightampton 13: 2.1966: 38 - 
to : Abingdon B22 - 
of : Wheatley 1883.70 - 
Morston 
St Lawrence 1953.71 - 
Fairford 
Graves 1961: 151) same - 
to : Fairford 
Graves 1961: 151) grave 
1835.63 B119 
Chester CHE/HSS 81 
476 1505 
BM: Great 
Chesterford 1964 7-2.337 342 
BM 48.6-2 3 
decorated shaft 
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Place Site Code/Museum No. Date 
(if any) 
NE2 York: Coppergate SF No. 2759 1300-1600 
con. of of 1341 - 
to it 6898 900-1000 
of of 2117 1100-1500 
of SO it 4414 1200-1300 
of of 1944 - 
NE3 oxford: Brighthampton - 
Abingdon B36 - 
B60 - 
to : Cassington 1942.200 
of .: Abingdon B113.586 
Morston 
St Lawrence 1953.81 
Be. : Cassington 1942.156 
Morston 
St Lawrence 1953.73 
of Munster Lovel 1953 598 
11 Abingdon B66 
Devizes: Black Patch BP Sk 53 
Chester: Chester 80. R 1978 - 
BM: Great Chesterford 1964-7-1.111 64 - 
BM: Chessel Down 67.7-29-132 - 
Oxford: Brighthampton 16.1966.45 - 
of 11 23.1966.65)same 
go of 23.1966.65)grave - 
NE4 Chester CHE/HW 80 IV 
185 128 1300-1600 
Oxford: Brighthampton 9.1966.5 - 
oxford: Black Patch SK44 
BM: Sleaford 83.4-1.45-47 - 
York: Coppergate SF No. 399 1200-1500 
NE5 York: Coppergate SF No. 1678 1100-1500 
11 to " 1739 1200-1500 
NE6 BM: Faversham 1266 174 - 
NE7 BM 1929 7-15.4 - 
BM: Dover Grave 20 129 - 
Oxford: 
Standale Common 1921.1/13 - 
Devizes DM74 - 
Devizes: Mildenhall - - 
DS1 BM: Brooke 70-11-5 - 
DS2 Canterbury 16WS 120 393 1000-1100 
M. Ave 1 181 
u/s 104 - 
Chester: Meols 27. L. 1978 
cc: vi 
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Place Site Code/Museum No. Date 
(if any) 
6S3 Canterbury 16WS/78 206 912 550-700 
M 111 702 3466 290-350 
M. 111 579 3523 350-375 
CB/R, IV 361 398 - 
DOE: Richborough CC: R3 
Gloucester: 
Stancombe Park A30 
DS4 Salisbury: Woodcutts 34 4A S2 
Chester CHE/AG 75.8 IV 
693 1065. - 
BM: Kempston 91.6.24'146 - 
BM: Wittenham 103 - 
BM: Dover 1963 11-8-88 - 
DS6 Chester CHE/HW 79 1 
20 3 
DS7 Lincoln F76 u/s Ae 286 -- 
Canterbury 16WS 65 155 1100-1200 
it 16WS/78 465 159 550-700 
If CB/RV 220 99 - 
DS7/ Variant I 
Gloucester: Ariconium A3707 
DOE: Wroxeter WP 75 5 
79 277 
BM: Bury St Edmunds 70.4-2 814 
LIGU LA 
Canterbury M IV 2062 742 100-29V 
LIGU LA ENDS - reused as pin s? 
LP1 Canterbury CB/R2 97 307 
of M 111 715 359 290-350 
of STMS B 378 2089 100-290 
LP2 Canterbury M IV 1719 527 C 170-290 
CB/R v 222 1116 - 
LP3 Canterbury M IV 7028 1916 70-100, 
DOE: Wroxeter WP75 5 B156 
356 
DOE: Richborough CC: 29 
MP1 BM: Kempston 91.6.24.146 
MP2 Canterbury M IV 1 15 1800* 
BM: Wittenham 121 - 
Devizes: Black Patch BP SK54 
* Redeposited 
612 
Place Site Code/Museum No. Date 
(i f any) 
MP3 BM: Chessel Down 
BM: Leagrave 
67.7-29 133 
MP4 Devizes: Black Patch SK104 
oxford 1907 250Y 
it : Brighthampton 1966.8.59 
MP4/Variant I 
oxford: Wallingford 1938: 1227 
it - (small) 
MP5 Oxford: Barrington 1909.298 F 
It : Brighthampton 1966.48 
BM: Hastingfield 74 3.26.24 (no 
incisions on shaft) 
GT1 Chester CHE/AG 75.8 164 693 200-300 
Gloucester: Ariconium 
01 A24294 
DOE: Ickham DOE Lab No. 746503 
11 746603 
of 746305 
Canterbury STMS 79 1058 69 1200-1400* 
BM: Whitby W299 657-867 
if W300 657-867 
it W301 657-867 
of w312-322 cc xi 657-867 
of W654-746 cc vi 657-867 
to W154-200 cc i 657-867 
to Wittenham 349 (cremation) Saxon 
01 Droxford 35 (inhumation) 5th-7thC 
of NE? nll 2439 1581 
York: Coppergate SF 10103 l0thC 
Canterbury CB? R 78 120 536 Saxon 
of M IV 230 758 1200-1400* 
it M IV 435 1469 1200-1400* 
of M IV 368 1104 550-700 
of M IV 1800 584 550-700 
if 16 WS 64 141 1100-1200 
go 16 WS 207 477 550-700 
if 16 WS 78 455 958 550-700 
of STMS 78 259 187 1200-1400* 
Canterbury STMS 78 532 454 1200-1400 
Is M 111 160 656 1100-1200 
of M 111 282 1413, 1100-1200 
of M 111 144 1710 550-700 
It M 111 362 2068 350-375 
so CB/R3 120 536 Saxon 
of CB/R3 80 249 1000-1200 
DOE: Finglesham Lab SF No. 1192 
Grave 163 Saxon 
of Richborough Lab No. 7350316 
Devizes BP SK 54 
* Redeposited 
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Place Site Code/Museum No. Date 
(if any), 
GT1 Oxford: Chatham Lines 
BM: Faversham 1105 70 
it go 1135 G 170 
GT1 Variant I 
DOE: Ickham 
Richborough 
GT1 Variant II 
Sth-7thC 
5th--! 7thC 
DOE Lab No. 746333 
of " 7350658 
Is " 7350659 
DOE: St Augustines 
Abbey (Canterbury) SA74 3 11 1569 
BM NE? P10 2135 1507 
GT2 Salisbury: Wooleston 3M 7A48ý 
Chester CHE/NGB 174 3 17 Medieval 
CHE/CRS 174 1 F293 722 100-200 
CHE/CRS 73-4 1 103 441 150-200 
CHE/CRS 73-4 1 u/s - 
Gloucester A1262-G 
to . 60/72 160 73 
BM: Whitby W204 657-867 
11 if W205 657-867 
of U W201 657-867. 
of W202 657-867 
of W154-200 cc ix 657-867 
of W154-200 cc x 657-867 
go W154-200 cc xi - 657-867 
" Dover 1963 11-8 447 - 
of it 567-1 3003 - 
York: Coppergate SF No. 10706 900-950 
U of 11 " 10042 900-950 
if to 11310 - 
it of 6139 900-1300 
Canterbury M IV 358 98 1100-1200 
of M IV 355 1082 1200-1400 
DOE: Ickham DOE Lab No. 746599 - 
of so of 746561 - 
of Richborough go 7351063 - 
so of of 7350315 - 
It Wroxeter WP 75 5B 156 264 - 
of Richborough CC: R57 
of is CC: R56 
to to CC: R46 
Ludgershall Castle LUD 171 AA50 4 
F800 578 1200-1400 
GT2 Variant I (Thick Shaft) 
Chester CHE/AG 
Is CHE/AG 
of CHE/AG 
of CHE/AG 
CHE/AG 
Redeposi 
75-8 
75-8 
75-8 
75-8 
75-8 
ted 
47 
95 
9 
1 
IV 
482 aP Med* 
849 Med* 
1151 
163 
129 325 P Med* 
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Place Site Code/Museum No. Date 
(if any) 
GT 2 Variant I (Thick Shaft) 
Chester CHE/AG 75-8 V 208 798 P Med* 
it CHE/AG 75-8 IV 234 77 9 Saxon 
it CHE/AG 75-8 V 170 712 P Med* 
of CHE/AG 75-8 84 588 P-Aed* 
CHE/AG 75-8 67 530 P Med* 
CHE/AG 75-8 V 252 921 'P'Med* 
CHE/AG 75-8 VI 961 2383 120-160 
CHE/AG 75-8 IV-728 1847 200-250' 
CRS 174 1 144 731 100-200'' 
Gloucester: Eastgate 
House A227 - 
York: Coppergate SF No. 14411 900-1000 
DOE: Ickham, DOE Lab No. ' 746288 
(big head) - 
Wroxeter WP 75 8A D102 175 
WP 75- 22 D154 315 
WP ' 1, LX 19 
Richborough CC: R53 
CC: R51 
n CC*-50' 
if CC: 45 
GT2 Variant II 
BM: Whitby W154-200 ccxii-xxxviii 657-867 
York: Coppergate SF No. 10558 900-1000 
11 4209 1200-1400 
11843 800-1000 
Canterbury M IV 219 625 hipped 1200-1400 
of STMS B 104 1238 1200-1400 
of STMS 78 C 252 198 1100-1200 
GT3 Chester: Meols 27 L 1978 ccii - 
Oxford: Faversham 1909 152 - 
BM: Whitby W208 217 CC iii 657-867 
of W208 217 CC iv 657-867 
W208 217 CC v 657-867 
W208 217 CC vi 657-867 
W208 217 CC vii 657-867 
W208 217 CC viii 657-867 
W208 217 CC ix 657-867 
W154 200, cc, v 657-867 
W154 200 cc vi 657-867 
W154 200 cc vii 657-867 
Wye Down 93 6-1 194 - 
83 12-13 484 dot dec. - 
York: Coppergate SF No. 10113 800-1000 
of 11 "" 14148 900-1000 
Canterbury CB/R 78 28 20 1200-1400- 
to M IV 219 628' 1200-1400 
of M IV 246 795 1100-1200 
of 16 WS 65 140 1100-1200 
so STMS 1174 1679 1200-1400 
DOE: Richborough CC: R55 - 
615 
Place Site Code/Museum No. Date 
(if any) 
GT3 York: Skeldergate YAT 1974-14 1 
2310 1692 
it Bishophill II/ YAT 1973.15 
Senior 10006 17 
GT3 Variant I 
BM: Whitby W154-200 cc ii 657-867 
York: Copppergate SF No. 9040 - Canterbury CB/R 78 35 142 1200-1300 
of CB/R3 70 493 Saxon-Med 
CB/R2 78 78 221 - Ludgershall Castle LUD 171 AA 50 4 
F800 578 1300-1400 
DOE: St Augustines STAA 177 748 
Abbey 307 
GT4 Chester CHE/AG 75-8 IV 
693 2020 Saxon 
of CHE/CRS 73-4 1 
F-180 5ss 100-200 
of CH E/CRS 73-4 1 
110 111 559 150-200 
Gloucester 51/66 A1 37 111 - 
87/1967 WXB 
Canterbury CB/R 78 61 29 Saxon-120 0 
MY 79 u/s 149 . - 
16 WS 979 415 350-550 
STmS 846 647 350-375 
CB/Rl 76 260 303 - 
DOE: Richborough DOE Lab No. 7351010 
is Wroxeter WP 75 9 D10OG 112 
of of wP 74 ý5 159 198 
of Richborough CC: R52 
CC: R47 
GT4 Variant I 
Canterbury M IV 227 689 1200-1400 
to STMS 1136 1307 1200-1400 
GT4 Variant II 
Chester: Meols Display Board 
Oxford: Pakenham 1927-770 
Canterbury M Ave 1 81 74- 109 43-400 
York: Coppergate YAT 1981.7 11 
26423 12686 800-1000 
GT4 Variant III 
Canterbury MY-79 4 16 1865-1980* 
of M IV 716 1981 170-290 
DOE: Richborough DOE Lab No. 7350651 - of of of of so 8350263 - 
GT5 BM: Whitby W208-217 cc ii 657-867 of it NE/78 P10 2188 1529 - 
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Place Site Code/Museum No, Date 
(if any) 
GT6 Gloucester 77/1969 XXI 32 266 
BM OA 1109 
GT6 Variant I 
Gloucester: Wagon Works 
if Harefield 
Camp A3513 
GT6 Variant II 
DOE: Ickham DOE Lab No. 746579 
DOE: Richborough CC: R58 
GT7 oxford: Calstone 
Churchyard - 
Chester CHE/HSS il VI 362 10 45 - 
Meols Display Board - 
27. L. 197 8 cciii - 
Gloucester 77/69 XXXVI 270 968 - 
Oxford 1907: 250 Saxon? 
BM: Whitby W203 657-867' 
II W208-217 ' cc 1 657-867 
of w654-746 cc vii 657-867 
go W654-746 cc xi 657-867 
Canterbury STMS 78 202 274 1550-19thC* 
DOE: Wharram. Percy DOE Lab No. 7716708 - 
go go of of 744694 - 
it Ickham 746306 - 
it If 746330 - 
IT of of go 747424 - 
go Richborough 11 If of 7351117 - 
it Wroxeter WP 75 5 B150 325 - 
to Richborouqh CC. R48 - 
GT7 Variant I 
DOE: Richborough DOE Lab No. 7351061 
of of " 7350652 
of " 7350669 
Oxford: Brighthampton 1966.8.50 , (grave) Saxon 
Devizes: Black Patch BP SK 104 (grave) Saxon 
GT8 BM: Whitby W208-217 C CX 657-867 
Canterbury Lin G/79 475 576 - 
DOE: Wharram Percy DOE Lab No. 7716718 
GT8 Variant I 
Yorkshire Museum H2010 
Salisbury: Woodgates 3L 7A 78 Roman 
Chester: Meols 27 L 1978 cc i - 
BM: Whitby W227 657-867 
Canterbury M 111 998 3693 100-125 
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Place Site Code/Museum No. Date 
(if any) 
GT9 Chester CHE/AG 75-8 IV 629 1868 Saxon 
Meols (Display Board) 
27. L. 1978 cc v 
Gloucester 77/1969 ýKXI 29 262 
11 unmarked 
BM: Whitby W221 657-867 
W218 657-867 
W221-226 cc i 657-867 
W221-226 cc ii 657-867 
W221-226 cc iii 657-867 
W221-226 cc iv 657-867 
W221-226 cc v 657--ý867 
W221-226 cc vi 657-867 
W654-746 cc ix 657-867 
W654-746 cc ix 657-867 
w654-746 cc x 657-867 
W654-746 cc xi 657-867 
oxford: River Thames 48.4.29.37 - 
Canterbury, Lin G/79 475 576 - 
STMS B 104 1311 1200-1400 
CB/R2/78 101 362 1100-1300 
York: Coppergate YAT 1980-7 V 
19633 9276 800-900 
GT9 Variant I 
BM: Whitby W220 657-867 
GT10 Chester CHE/AG 75-8 103 605 - 
to CHE/AG 75-8 ?? 
it CHE/HSS 79 IV 185 432 
Salisbury: 'Woodcutts 3L 4A 54 ý Roman, 
GT10 Variant I 
DOE: Richborough DOE Lab No. 7350265 
7350317 
GT10 Variant II 
DOE: Ickham 746461 
SP1 oxford: Faversham 1909 1522 
BM: Whitby W323 657-867 
Great 
Chesterford 1964-7-2-376 
Dover 1963 11-8-609 
1963 11-8-760 - 
Canterbury M Ave 1 181 74 109 1300-1400 
STMS 'BI 129 1353 550-700 
M 111 185 781 1200-1400 
DOE: Finglesham SF No. 932 late 7thC 
of SF No. 1153 - 
Broadstairs DOE Lab No. 720696 
Devizes: Netheravon DM94ý 
(Unusual head form)- 
BM: Breech Down 1879-5.24-104 post 7thC 
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SP2 
SP4 
Place 
Oxford: West Stow 
BM: Faversham 
To Dover 
Breech Down 
Canterbury 
DOE: Broadstairs 
Winnal 
Oxford: West Stow 
Stanton 
Harcourt 
BM: Faversham 
East Shefford 
Wittenham 
" Dover 
of of 
Canterbury 
DOE: Winnal 
Finglesham 
go go 
Site Code/Museum No. 
1909-428. b 
1135 '70 
1963-11-8-47 
1963-11-8-714 
1879-5-24-71 
M IV 780 4 54 
M IV 141 542 
16WS 193 783 
CB/R3 422 531 
CB/R2 89 411 
DOE Lab No. 800936 
780705 
Grave 10 
1909.428b) from same 
1909.428b) grave 
1940.184 
1135D '70 
1893.7716 
4) from same 
5) grave 
10 part of a pair 
chain present 
1963 11-8 520 
1963 11-8 289 
M IV 1476 438 
grave 7 
SF No. 719 
" 11 932 
of 1153 
" 1200 
of 1057 
if of 1173 
It DOE Lab No. 671803 
671804 
(same grave, linked pair? ) 
BM: Whitby W150 
It W149 
of W152 
SP4 Variant I 
Devizes: Collingbourne 
Ducis CD 20 
Oxford 1935: 65 
BM: Whitby W687 
tv Hawnby Hawnby-82 3-23 37 
SP4 Variant II 
Salisbury: Ebbersbourne 
Wake 58/1948 
Oxford: Fairford Graves Fairford 1961-150 
DOE: Broadstairs DOE lab No. 800930 
Date 
(i f any) 
post 7thC 
19th/20thC* 
1100-1200 
1000-1100 
Saxon 
Saxon-1300 
550-700 
late 7thC 
7thC 
mid 7thC 
late 7thC 
late 6th/ 
(early 7thC 
late 7thC 
550-600 
550-600 
657-867 
657-867 
657-867 
500-650 
657-867 
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Place Site Code/Museum No. Date 
(if any) 
RF1 Devizes: Black Patch 
Chester: Meols 
if of 
is H 
Oxford: Malton 
Cambridge 
BM: Whitby 
" Kempton 
it 11 
" Wittenham 
it it 
" Harnham 
Lincoln 
DOE: Battle Abbey 
Wharram Percy 
RF2 Devizes: Black Patch 
Oxford: Abingdon 
DOE: St Augustines 
Abbey 
of Mucking 
Exeter 
SG1 BM: Faversham 
to 
Ash 
DOE: Finglesham 
BM: Dover 
SG1 Variant I 
Oxford: Faversham 
BM: Faversham 
of of 
t 
SG2 BM: Dover 
of of 
Wigber Low 
#1 of 
SD1 Oxford: London 
BM: Whitby 
" Witham 
Chester: Meols 
SD2 Oxford: West Stow 
is it 
BM: Wittenham 
of to 
BP SK102 
173. S. 1976 cc i 
173. S. 1976 cc ii. 
173. S. 1976 cc iii-- 
Miscellanea 
1909: 298(twisted) 
W151 
91-6-24 147 
91-6-24 148 
278 
370 
54-6-15 8 
P73 XA Ae179 1150-1200 
BAT 79 R 111 230 776 Med-1600 
DOE LabNo. 7716720 
BPSK30 
B59 
STAA 176 548 146 
DOE LabNo. 744619 
TS316 1640-1670 
84.12-21.13 - 
1131.70 
1135 170 
Head surmounted by disc 6th-7thC 
749 7thC 
1963-11-8 689 (open form), - 
1909-1642 
1963 11-8-729 
1963 11-8-621 
1963 11-8-6891-(circular) 
73-6-2 97) same grave 
73-6-2 96) (cross) 
8thC? 
W116 657-867 
(Display Board) 
1909.428b) plus bronze Saxon 
1909.428b) chain (in same to 
ý grave) 
4) Wire loop through ti 
5) both heads of 
10, one of a pair, a 
chain connected to it to 
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Place Site Code/Museum No. Date 
1,1 ý11, (if any) 
SD2 DOE: Finglesham 
I to 
BM: Breech Down 
York: Coppergate 
SD3 DOE: Winnal 
BM: Sleaford 
Whitby 
Haslingfield 
SD4 BM: Sleaford'(Kent) 
Wingham (Kent) 
Faversham 
SD5 BM: Faversham 
Dover 
DOE: Richborough 
SD6 Chester 
Oxford: Shakenoak 
BM: Whitby 
West Stow 
Ellingham 
(Lowestoft) 
Felixstowe 
Canterbury 
of 
York: Coppergate 
to of 
It of 
of it 
Grays: Mucking 
SD7 Oxford: Ash 
BM: London 
Salisbury 
GB1 BM: Chessel Down 
Lincoln 
Exeter 
BM: Ickham 
GB2 BM: Cirencester 
GB3 BM: Ickham 
Grave 203.19 
Grave 203.57 
1879-5o-24-93 
pins with ch 
SFNo. 9742 
(no con- 550-600 
nection 550-600 
visible) 
(a pair of 
ELin) 
Grave 8 
'83-4-1 1347 
W153 657-857- 
74.3-26-24'(long pin) Migration? 
79-5 24-35 
1131 '70"A 
Grave 30 368 1963.11.8- 
DOE Lab No. 7350245 
CHE/CRS IF 191 541 2nd-10thC 
1971.720 Saxon 
W372 657-867 
? (sheet) - 
CB/R 78 89 406 llth-12thC 
CB/R 
, 
89 423 llth-12thC 
YAT 1980-7 11 31225, 
11367 9th-10thC 
YAT 1980-7 11 20411 
8890 10thC 
YAT 1977-7 160 
- 
20375 YAT 1979-7 11 
, 6635 l0thC 
Ditch N ENGE 4 
Ae 462 (possible) 
1942.216 
55.8.20 1 
Drainage Collection 
67 7-29-134 5th-7thC 
NE? M10 1555 1061 - 
F73 YG Ae 197 1160-1180 
F76 BKK Ae 105 850-900 
TS 227 1100-1200 
DOE Lab No. 746309 - 
DOE Lab No. 746477 
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Place Site Code/Museum No. Date 
(if any) 
RD1 DOE: Wroxeter WP74 8 L2 80 
RD2 Chester: Meols (Display Board) 
Canterbury STMS 78 C 552 471 1550-19thC* 
RD3 Chester:, Meols (Display Board) - 
BM: Whitby W309 657-867 
York: Coppergate SF 10175 
of we SF 7177 900-1000 
Canterbury MIV 354 864 1100-1200 
RD4 Yorkshire Museum 
if 
BM Whitby W306 657-867 
11 01 W308 657-867 
is W310 (3'R&D on large' 
side face) 657-867' 
to W311 (as 310) 657-867 
W312-322 cc i 657-867 
W312-322 cc ii 657-867 
W312-322 cc iii 657-867 
w312-322 cc iv 657-867 
w312-322 cc v 657-867 
It w312-322 cc vi 657-867 
01 of W312-322 cc viii 657-867 
of we w654-746 cc v 657-867 
if NE/78 P9 2671 1723 - 
York: Coppergate SF 8815 900-1000 
of 1974.5 VII 6581 1756 - 
it 1974.14 1677 1033 - 
1979.7 V 1-7699 5197 900-1100 
RD5 Chester: Meols (Display Board) - 
BM: Whitby W312-322 cc xii 657-867 
of of W228 657-867 
Canterbury CB/R 78 120 536" 1000-1200 
RD7 Variant I 
York: Hungate H2001 - 
BM: Whitby W330 - 
RD7 Variant II 
York: Hungate H1102 - 
Chester 108 M 1977 (odd) - 
BM: Whitby W324 - 
11 we W328 - 
RD7 Variant III 
York: Hungate H003 
BM: Whitby W654-W746 cc i 
York: Coppergate SF No. 6789 900-1100 
[DOE: Richborough DOE Lab No. 7350792 
(rough reused shaft)] - 
622 
Place 
RD7 Variant IV 
Oxford: Stanton 
Harcourt 
RD7 Variant V 
York: Coppergate 
Bishophill II/ 
Senior 
RD7 Variant VI 
York: Bishophill II/ 
Senior 
RD7 Variant VII 
York: Friends Burial 
Site Code/Museum No. Date 
(if any) 
1940.187 
YAT 1979-7 5632 
YAT 1973.15 10405 258 
YAT 1973.15 10111 15 
Ground YAT 1973.6 12 9045 
of Coppergate YAT 1977.7 IV 6004 2339 900/1500 
of of YAT 1980.7 1 25759 942 900-1000 
RP1 Chester 171. S, 1975 - 
it 170. S. 1976 - 
of 167. S. 1976 - 
of 172. S. 1976 (no ring) - 
169. S. 1976 - 
165. S. 1976 (no ring) - 
168. S. 1976 - 
of 166. S. 1976 
of Foregate St 52. S. 1957 - 
of Linenhall St 42. S. 1961 - 
to 173. S. 1976 - 
of in exhibition - 
DOE: St Augustines DOE Lab No. 76203051 - 
York: Coppergate SF No. 12738 - 
to of to it 7872 - 
of it YAT 1977.7 11 2677 774 900-1100 
of of of 1977.7 1822 900-1100 
of so of 1979.7 V 16612 
4399 
Vl Baluste r - 
York: Coppergate SF No. 322 1000-1200 
it of to to 7052 900-1200 
of of of of 9178 900-1000 
to of It of 12407 900-1000 
V2 Kite 
York 
" Bedern 
Il Chester: Princess St 
tt Peperstreet 
12 Gloucester: Wagon 
Works 
YAT 1975 911 
" 1979-13 8 47449 
2764 900-1000 
cc 103 1939 - 
N-P '64 
A1587-9 
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Place Site Code/Museum No. Date 
(if any) 
13 Oxford: Wheatly 251-1883 5th-6thC 
RG1 DOE: Richborough cc R49 - BM: Whitby W227 567-867 
Canterbury MIV 362 932 1200 -1 400 
FFI Oxford: Shakenoak 1971.737 Saxon 
DOE: Wroxeter WP 74 5 B102 147 
BM: Breech Down 1855.5-21.1 Saxon 
Canterbury MIII 210 742 1200-1400 
BM 01-9-98 - 
Breech Down 1879 5-24.103 
DOE Battle Abbey BAT 79 R in 230 778 
Wharram Percy DOE Lab No. 7716742 
Richborough 7360144 
7351056 
BM: Whitby W323 - Canterbury 16WS 372 722 550-700 
DOE: Ickham DOE Lab No. '746572 - 
HD1 BM: Whitby W307 657-867 
of W312-322 cc x 657-867 
W153 657-867 
HH1 York: Coppergate SF No. 12072 900-1000 
HH2 York: Coppergate SF No. 11809 800-900 
Lincoln SP 79 DMP Ae 240 . - 
IS1 Canterbury MIV 247 780 1200-14,00 
IS2 Chester: Meols 27. L. 1978 cc iv - 
DOE: Wharram Percy DOE Lab No. 7716711 
Chester: Meols 28. L. 1978 - 
IS5 York: Coppergate YAT 1978.7 1 7849 3530 900-1000 
IS7 DOE: Richborough DOE Lab No. 7350823 - 
7350657 
cc 4 
CP1 Salisbury Museum Rotherby 3M 1A 77 - 
Canterbury MIII 156 562 1200-1400 
Wroxeter WP75 41 D169 143 - 
BM: Whitby W300 657-867 
Canterbury MIV 242 708 1200-1400 
CP2 DOE: Ickham DOE Lab No. 746356 - 
CP3 DOE: Richborough DOE Lab No. 7350313 
Ickham of " 746603 
Chester CHE/HSS '81 VI 363 1247 Saxon 
DOE: Wroxeter WP 85 33E C188-1A 441 
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Place Site Code/Museum No. Date 
(if any) 
CP4 DOE: Wharram-Percy DOE-Lab'N6.7716719 
BM 1915 12-8 144 [Beret He ad, 
type attachmennt] 
CP5 Ludgershall Castle Lud''71 Room 1 319 
700 Ae146 pre-1100- 
Oxford: Malton 
Cambridge 1909 256 h - 
BM: Whitby W312-22 cc ix 657-867 
CP6 Canterbury MIV 213 1147 1200-1400 
Chester CHE/AG 75-8t V/VI 
1338 2923 
MM1 Canterbury CB/R 78 31- 44 Medieval 
MM2 Oxford: Holywell 1896-1900 M113 (prince) 
BM: Ransom Coll 1915.12-8 148 (pig) 
BM: Langton 93.6-1 303 (dog) 
MM3 Devizes: Ramsbury 
Chester: Meols On cord labelled'9 
(3 arms) 
on cord labelled 9 
Oxford: Aldbourne 1953 338 (3 arms 
originally) 
Exeter ws pit 12 1250-1300 
DOE: St Augustines STAA 177 766 384 1500+ 
Whitefriars WF 62 14 cc: 39 1545-1558 
CL1 Salisbury: Drainage 
collection 6 pre 1850 
Drainage 
Collection 7 pre 1850 
Drainage 
Collection 9 pins unnumbered pre 1850 
Chester: Meols 3 pins unnumbered 
Gloucester 51/1966 B11 60 AB290 - 
if 53/69 40 92 XXVII pit 91 - 
oxford 1927 6427 - 
BM: Whitby unnumbered cci - 
to of ccii - 
to Brouger Pieces 
Vauxhall cci 
it Brouger Pieces 
Vauxhall ccii 
to 93 6-1 299 
93 6-1 298 
48 4-29 12 
56 7-1 3002 
93 6-1 301 
93 6-1 300 - Lincoln F73 SN Ae 168 1300-1500 
of F73 AK Ae 15 1850-1900 
of F73 XY Ae 196 1160-1180 
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Place Site Code/Museum No. Date 
(if any) 
CL1 York: Coppergate SFNo. 3522 1100-1300 
Canterbury MY 179 46 80 1600-1700 
NS/77 115 147 pre 1150 
(1000-1200 
M IV 62A 149 1400-1550 
M IV- 2c 203 1800+ 
CBR IV 290 177 Post Med 
M 111 173 44 1200-1400 
16 WS 78c 1100-1200 
Ludgershall Lud '68 E Sector - 
A21 7' 248 1500+ 
DOE: Castle Rising CR 73 38 52 140 - 
St Augustines - 
Abbey DOE Lab No. 78203049 
Eltham Palace EP G 140 16 
St Augustines 
Abbey SA 75 2320 1500-1600 
St Augustines 
Abbey STAA'176 18 79 1500+ 
Wroxeter WP 35 1 35 - 
BM NE/79 A7 3097 1998 - 
York: Aldwark YAT 1976-15 8,25 1500-1550 
CL2 Salisbury: Drainage 
Collection 9 pre-1850 
Drainage 
Collection unnumbered pre 1850 
Drainage .I- 
Collection unnumbered pre 1850 
BM: Brouger Pieces 
Vauxhall iii 
BM 56 7-1 3001 
DOE: St Augustines 
Abbey STAA 176 513 33 155 3+' 
Ludgershall 168 E Sector 
A21 7 246 AE166 1500+ 
CL3 BM 936-1302 - 
Exeter FS 240 1550-1600 
DOE: St Augustines 
Abbey STAA 176 513 123 1553+ 
CL4 oxford: Mildenhall 1955ý339 
BM 48 7-29 5 
BE1 Salisbury: Fisherton 
Bridge 9/57 (8 pins) 
Drainage 
Collection - (3 pins) pre 1850 
Chester GS 173 A 270 2044 
Meols - (26 pins) - 
Gloucester 77/69 XIII 2 112 - 
Oxford: Oxford unnumbered - BM: Whitby unnumbered (5 pins) - 
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Place Site Code/Museum No., Date 
(if any) 
BE1 BM: Brouger Pieces 
Vauxhall cc viii 
it OA 7285 cc viii 
OA 7286 (9 pins) 
OA 7288 (11 pins) 
Steelyard OA 7282 (4 pins) pre 1850 
Lincoln F73 FT Ae 79 1500-1750 
F73 KQ S VIII Ae 137 1450-1550 
WP 71 1 AAA Ae 2 1500-1600 
DT 11 74 N2 1445 Ae 245 - 
DT 1 78 AEH Ae 4 
SP 79 DYQ Ae 344 
HF Sm 76 
YI ork: Coppergate SF No. 2676 1100-1500 
of 2743 - 
of 625 1300-1500 
If It 2645 1200-1500 
of of 2898 1100-1400 
go it 11 2807 1100-1400 
to to 2584 1100-1200 
if it 2579 1100-1900 
Canterbury MY 79 174 146 1500-1600 
M IV 621 494 1400-1550 
STMS 179 B 36 1007 1200-1400 
CBR IV 207 131 Post Med 
CB/R 179 236 313 - 
It CBR IV 241 274 1300-1500 
If STMS 79 B 50 1013 - 
of M IV 78 282 738 1200-1900 
Exeter KP 1541 1450-1500 
of FS 240 1550-1600 
of FS 228 1350-1500 
to GS 11 '1650-1700 
of KP 1541 1450-1500 
KP 1562 (3 pins) 1200-1500 
RS 192 1660-1700 
DOE: Woolaston House DOE Lab No. 7816104 - 
of St Augustines 
Abbey STAA 176 540 136 1550+ 
go St Augustines 
Abbey STAA 176 574 207 1450-1550 
York: Coppergate SF No. 2728 1100-1500 
is of of to 2880 1100-1500 
It of of 2522 1300-1600 
of of to 733 1200-1500 
BE2 Salisbury: 23 High St 2 
BM: Brouger Pieces 
Vauxhall cc iv 
Brouger Pieces 
Vauxhall cc v 
Exeter FS 276 1350-1500 
It CG 28 1550-1650 
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Place Site Code/Museum No. Date 
(if any) 
BE3 Salisbury: 23 High St 3 (criss cross dec) 
is of 5 (incised spiralled 
groove) 
BM OA 72899 cc i 
11 OA 7289 cc iii 
Canterbury M IV U/S 105 
BE4 BM OA 7290 A 
it OA 7290 B 
BE5 Gloucester 74/1968 XII 40 179 C 
Chester: Meols - (25 pins) 
York: Coppergate SF No. 2147 900-1000 
go "" 2512 1100-1900 
BE6 Canterbury Lin G 179 250 464 - 
BE7 Canterbury STMS 178 846 647 1200-1400 
K1 Salisbury: Drainage I 
Collection (2 pins) pre 1850 
Chester CHE/GFC 76-8 1 99 159 1600-1800 
11 GS 73 A 105 490 - 
to GS 73 A 299 1431 
(raw material) 
Meols 
BM: Dunwich OA 1109 - 
of OA 7285 (6 pins) - 
10 OA 7285 (3 pins) - 
Lincoln DT'II 74 D6 899 Ae 141 - 
Canterbury CB/R 78 10 827 - 
If M IV Shell pit uls 13 - 
of M IV 56 136 1400-1550 
of M IV 100 413 1400-1500 
CB/R1 176 112 69 1650-1700 
CB/R IV 361 251 - 
CB/R IV 42 224 
of DJ 9 124 1750-1800 
to M 111 2 91 1800+ 
is M IV 4 85 1800+ 
DOE: Beeston Castle BC 0081Y 53 - 
Whitefriars WF 62 14 cc: 41 1545-1558 
Oxford: Oxford - 
K2 Canterbury PPH Solar 181 53 109 1500-1700 
BM 93 6.1 297 - 
Canterbury M IV 180 4 47 1800-1973 
CHI Salisbury: 23 High St 4 pre 1850 
York: Coppergate YAT 1978-7 V 9030 863 1200-1500 
CH2 Chester: Meols - (several) - BM OA 7285 cc vii 
Oxford: City Ditch 
- Canterbury M IV 137A 1179 1200-1400 
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Place Site Code/Museum No. Date 
(if any) 
pre 1850 
pre 1850 
pre 1850 
pre 1850 
CH3 Salisbury: 23 High St 10 (bird-cockerel? ) 
to If 11 (disc and 
central boss) 
go 12 (irregular 
stepped shape) 
It 13 (WWHP shape) 
WOUND WIRE HEADED PINS 
Al Lincoln DT. I. 74 HQ 510 1500-1600 
if F72 AV Ae 16 1450-1550 
is F74 ALV 638 Ae 41 1150-1330 
of BE 73 1 AC Ae 7 1850-1900 
it BE 73 1 AZ Ae 41 1600-1700 
(P70 I AL Ae 142 
(4 pins 1500-1600 
P70 I AL Ae 143. 1500-1600 
P70 I AX Ae 165 1500-1600 
(P70 I AY AAe 107 
(2 pins 1600-1700 
Canterbury CB/R 178 25 17 1300-1500 
Ludgershall LUD 171 J13 18 Ae 137 1300-1350 
it (LUD 166 c15 1 Ae 30 
(3 pins 1500+ 
Chester CHE/GFc 76-8 89 1600-1700 
(CHE/GFC 76-8 135 
(2 pins 1500-1700 
CHE/GFC 76-8 148 1500-1700 
(CHE/GFC 76-8 154 
(2 pins 1500-1700 
CHE/HW 1980 170 1700-1980 
(CHE/HW 1980 183 
(12 pins 1700-1980 
CHE/HW 1980 217 1300-1600 
(CHE/CRS 73-4 45 60 
(2 pins Med 
CHE/CRS 73-4 7 274 Post Med 
CHE/CRS 73-4 31 37 post Med 
A Lincoln DT 1 74 HX 339 40mm 1800-1900 
it DT 1 74 MB 463 40mm 1450-1550 
if DT 1 74 MW 502 24mm 1550-1650 
(F73 III FB Ae 66 
(27mm 1470-1550 
F73 NC VIII Ae 137 1350-1550 
(BE 73 V BX Ae 96 
(36mm 1850-1910 
(BE 73 1 CS Ae 100 
(31 mm 1700-1800 
(BE I LO Ae 127 32mm 
(4 pins 1500-1600 
go (P '70 1 AL Ae 142 
(32 and 43mm, 2 pins 1500-1600 
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A 
B 
Place Site Code/Museum No. Date 
(if any) 
Ludgershall- (LUD 171 A26 8 Ae 87 
(52mm 1330-1370 
(LUD-169, J13 4 -Ae 72 
(52mm 
.' 
1500-1900 
it (LUD 169ýA26 
.8 
Ae 78 
(40mm 1330-1370 
of (LUD 169 L 21 F442 
209 AE79 1250-1600 
Chester CHE/GFC 76-8 81 23mm 1700-1900 
CHE/GFC 76-8 90 43mm 1600-1800 
CHE/GFC 76-8 94 31mm. 1600-1700 
of CHE/GFC 76-8 , 108 25mm 1500-1700 
CHE/GFC 76-8 648 30mm 1500-1700 
CHE/GFC 76-8 220 48mm. 1300-1500 
CHE/GFC-76--78 652 39mm 1500-1600 
(CHE/HW 1980 170 
(2 pins 1700-1980 
of CHE/HSS 1979 14 27 1500-1700 
go (CHE/HSS 1979 19 29 
(15 pins 1500-1700 
Lincoln F72-CY Ae 46 28mm 1650-1750 
F73- FJ Ae 73 1650-1750 
SP77 VX Ae 12, '1600-1700 
10 (SP75 AG Ae 89 
(24.5mm 2 pins 1700-1900 
(SP75 IN Ae 75 
(27mm 3 pins 1800-1900 
BE73, I AC Ae 4 40mm 1750-1800 
II BE73 V AF Ae 11 30mm 1800-r1900 
BE73 V AT Ae 13 30mm 1800-1973 
BE73 VýBC Ae 47,30mm 1800-1900 
if BE73 I-AE Ae 29 23mm 1850-1900 
Canterbury M IV 225 52mm 1800-1973 
It (STMS 179 B 45 966 
(46mm , 1200-1400 
Ludgershall LUD 168 E Sec tor 
D 24 Ae 163 50mm 1330-1370 
of (LUD 171 F100 4 11 
(Ae 101 43mm 1250-1350 
of (LUD 171 J13. 17 
(Ae 143 30mm 1300-1350 
(LUD 171 J26 24 
(Ae 133 2 pin s 34mm 1500+ 
Chester CHE/GFC 76-8 83 1600-1800 
of CHE/GFC 76-8 84 1600-1800 
(CHE/GFC 76-8 88 
(2 pins 1600-1700 
CHE/GFC 76-8 652 1500-1600 
CHE/GFC 76-8 535 1700-1900 
(CHE/GFC 76-8 534 
(2 pins 1700-1900 
CHE/GFC 76-8 204 1500-1600 
(CHE/GFC 76-8 143 
(2 pins 1500-1700 
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Place Site Code/Museum No. Date 
(if any) 
WOUND WIRE HEAD PINS (contd) 
B Chester (CHE/GFC 76-8- 134ý, 
(3 pins 1500-1700 
If CHE/GFC 76-8 127 1500-1700 
Oxford ("Carline Coll" 
(many pins 1910-1914 
York: Coppergate SF No. 121 1100-1600 
It ,-, so it to 2377 - 
11395 1100-1500 
C Lincoln (DT 1 74 MW 
( 502 29mmý 1550-1650 
(F72 Al Ae 4 
(6 pins 23.5mm,,, ý 1650-1750 
P72 CI Ae 39 1650-1750 
F72 CD Ae 48 23mm 1650-1900 
(F72 EC SIV 
Me 159 -17mm 1170-1200 
F73 ND Ae 159 27mm 1170-1200 
SP78 XB Ae 34 25mm 1560-1700 
(SP77 VX. - Ae 12 
(2 pins 24mm 1600-1700 
SP77 WE Ae 11 23mm 1700-1800 
SP75 IG Ae 89 29mm 1700-1900 
Canterbury NS/77 49 57 52mm 1170-1500 
it (PPH Solar 181 
53 37 55mm 1500+ 
Ludgershall (LUD 168 H24 F461 
11 Ae 43 29mm 1500+ ý 
Chester CHE/GFC 76-8 87 1600-1700 
If of 134 1500-1800 
If If 135 1500-1700 
of of 143 1500-1700 
of of 534 1700-1900 
of 531 1600-1800 
It 523 1700-1900 
204 1500-1600 
154 1500-1700 
151 1500-1700 
Oxford ("Carline Coll" 
(hundreds of pins 1910-1914 
D Lincoln DT 1 '74 GO 73, ý-, 1450-1550 
(SP 74 IV AI 10 
(31mm ,1 1850-1910 SP 74 DO 39 -23.5mm 
1850-1910 
SP 74 AI 54 25.5mm 1850-1910 
SP 74 AB 88 1850-1910 
SP 74 DO 118 31mm 1850-1910 
Chester CHE/NGB 74-5 44 Post Med 
$I GS 73 A 130 735 - 
Oxford Oxford City Ditch 
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Place Site Code/Museum No. Date 
(if any) 
WOUND WIRE HEAD PINS (contd) 
i Canterbury CB/R 178 4 85 44mm 
CB/R '78 77 282 41mm 
Chester CHEAG 75-8 1663 692 Post Med' 
oxford Oxford City Ditch 
BM OA 7289 ccii - 
E Chester CHE/HW 198 157 58 1700-1980 
F Canterbury CB/R 178 90 334 23mm - 
L Lincoln F72 AX Ae 47 (Al) 1450-1550 
H Lincoln P73 JH Ae 102 - 
SP 74 DO 109 1850-1910 
SP 74 DO 128 1850-1910 
P70 I AL Ae 142 1500-1600 
Chester CHE/GFC 76-8 93 1600-1700 
CHE/GS 73 A 114 100 Post Med 
If CHE/GS 73 A 114 100 
BM: Whitby W154-200 cciii 
1XI Salisbury: 23 High St 8 
Chester (CHE/LBS 74-6 11 
( 126 193 Medieval 
Oxford: Icklingham 1927.778 
1972.18 - 
Lincoln BE 73 1 ES Ae 72 1600-1800? 
F 72 A5 Ae 8 1650-1750 
BE 73 1 LO Ae 127 1500-1600 
Whitefriars WF 64 XVII a2 cc43 1545-1558 
Ul Salisbury "Drainage Coll" - 
UPSE T HEADED PINS 
Lincoln SP 75 IL Ae 57 1850-1910 
SP 75 EC Ae 26 1850-1910 
it SP 75 EG Me 31 1850-1910 
to SP 75 EC Ae 44 1850-1910 
of SP 75 EC Ae 53 1850-1910 
Chester GS 73 Aa 643 - 
Oxford (Oxford City Ditch 
(12 pins 
if ("Carline Coll" 
- (hundreds of pins 1910-1914 
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THE BRITISH COPPER INDUSTRY OF THE, 16TH7AND 17TH CENTURY 
As stated in Chapter 3 the British copper industry, which was 
to become pre-eminent in the 19th century, began in the mid 
16th century after encouragement from the Crown. The 
1 41 1,4 
founding of this industry can be related chronologically: 
1561 The Crown/government of England, keen to establish 
copper working in this country, signed an agreement on 
16 July with Messrs John Steynbergh and Thomas Thurland 
to form a company to search for metals in Britain. 
Steynbergh replaced by Spydell.. . 11 1ý 31 '', 
1564 September 10th, the privileges of the 
were granted to Thurland and Dani, 
Hochstetter worked for Haug Langnauer 
firm of merchants, bankers and mine 
eminent manufacturers and miners of 
Tyrol area of Germany). 
previous indenture 
el Hochstetter (D 
& Co an Augsberg 
owners who were 
copper from the 
October 10th, the Queen signs another agreement 
authorising the new company to search for gold, silver, 
copper and quick silver (mercury) in the counties of 
York, Lancaster, Westmoreland, Cumberland, Cornwall, 
Devon, Gloucester, Worcester and the Principality of 
Wales; retaining a tenth of the metal mined for the 
Crown. This agreement formed the basis for the later 
Mines Royal Company and its monopoly. The company thus 
created, created working capital by issuing shares at a 
value of E1,200 each, ten of which were to 'be held in 
Germany (by inference, by the firm of Haug Langnauer & 
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Co) and 14 in England. Thomas Thurland (clergyman) had 
two-and-a-half shares. Other British investors were 
Robert Cecil, the Queen's secretary, and the Earl of 
Leicester, both with two shares. Foreign merchants, eg 
Beneditto Spinala of Genoa and Cornelius de Vas, both 
with two shares, also owned shares in England. 
11 
1565 April lst (according to later legal documents) is when 
the mine known as "Gods Gift" or "Goldscope" at Newlands 
near Keswick in Cumberland - see figs Al and A2 -first 
appears to have been mined [Donald 19551. By May it was 
reported that copper ore, containing silver, had been 
discovered. This prompted Hochstetter who appears (with 
Hans Lauver and Ludwig Haug) to have run the company to 
send for more German mine workers from the Augsberg 
region, some of whom arrived during July. A 
barber/surgeon, Israel Walter, is referred to at this 
date as being brought to Keswick by the company. 
1566 June, we hear of ore samples being taken to. Augsberg for 
assay, and producing good copper. This specific 
reference may cause us to question the earlier general 
statement of finding copper ore . which contained silver 
(in 1565) as an early propaganda ploy to keep and 
encourage confidence in the mining at Keswick. The 
mines at Newlands are referred 'to, together with the 
progress on other mines and erection of a smelting works 
which appears to have been at Brigham near Keswick. 
1067 Copper appears to have been successfully smelted from 
the ores of the various Cumberland copper mines in the 
Figure A: l Lake District: places of relevance to the 
16th century copper industry marked after 
Rees 1968. 
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latter half of this year, Thomas Thurland reporting this 
to the Queen in September 1567. Letters, 4rom 
Hochstetter in this year suggesting that experiments in 
Augsberg on the Cumberland ores 
enough silver in them to be worth refining 
[Donald 1955 p2011. 
Several mines appear now to be producing copper ores: 
Coniston, Caldbeck and Borrowdale (also known as "Copper 
Plate") are mentioned. 
It is probably in this year that the Earl of 
Northumberland, on whose land the Newlands "Gods Gift" 
mine appears to have been located, comes into conflict 
with the company over the mine. In a case heard in the 
Court of Exchequer it was found for the company and 
against the Earl of Northumberland that any mine 
containing ore which produced silver or gold was the 
property of the Crown, and thus a "Mines Royal". 
1568 May 28th, marked the formal -incorporation of the 
company, henceforward known as-the "Mines Royal", and 
which held formally the privileges of the former, company 
in perpetuity as a Crown monopoly. This gave t. the 
company total and exclusive control for the mining and 
smelting of copper and precious, metals ý'in- all the 
counties listed for prospecting by the preceding 
company. It was the English shareholders -who received 
the official positions within the new company. 
The mines and smelting at Keswick continued unchanged, 
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though by the end of the year, the period 1564-1508 had 
involved the Company in a cost of E18,609, and they had 
produced "as yet" very little copper. 
1569 In order to raise more capital a E850 call-up was made 
on each shareholder. How much was raised is not 
recorded, but it is clear that most of the money for the 
venture thus far had been provided by Haug & Co, and 
little from the English shareholders. We have records 
in great detail for this and the next few years, as the 
Haug & Co accounts for Keswick for this period have, 
survived [Rees W 19681. Building work appears to have 
continued at Keswick, -including finishing work on the 
furnaces and on "Stamphouses" where ore was crushed, 
probably by waterwheel operated tilthammers as there are 
also records of working on the water wheels. Mining is 
being carried on at Newlands, and at a mine near 
Grasmere, also a host of smaller mines [Rees W 1968 
p4051. There are frequent records of equipment and 
people being brought up from London, and one of the 
biggest problems which the company faced was getting 
fuel. It was the shortage of wood to make charcoal 
which forced the company to search far and wide 
importing charcoal from the Severn Valley, Crannock 
Chase and, it was proposed, from Ireland. This problem 
caused the company to search for coal, which it located 
at Bolton nr Keswickr and at Blancrake. The obtaining 
of coal suggests its use in smelting the ores, a 
possible early use of "reverbatory furnaces". There 
appear to have been smelters and stampers, core 
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crushers, not just at Keswick but ojs, 
at Buttermere and Caldbeck. Seemingly the company was 
building furnaces and stamping houses near several of 
its productive mining sites. This shows the expanding 
nature of the enterprise, and the increasing amounts of 
copper being produced. These works involved the company 
in a total yearly cost of about E6,908. 
1570 This marks the turning point in the, company's affairs. 
Although mining and smelting continued around Keswick, 
less money was spent in this year --E5,, 647 -, ýbut by, -, now 
large volumes of copper, this year 1000- cwt., (value 
E2,784), were being produced. -It was only now that the 
problem of disposing of the copper began to appear. - In 
1569 the Queen had wanted her royalty share 
(one-fifteenth) paid in cash, not copper. With the home 
market for copper quickly saturated by the company's 
output of 1569, and the export of copper alloy 
prohibited by a statute of Henry VIII, this left the 
company with a problem that was to hinder them for many 
years - little cash and lots of copper. Hochstetter, 
who was now managing the company with Daniel Ulstett and 
Thomas Thurland, persuaded the Queen to buy E1,383 worth 
of copper and make, a loan to the company., Copper 
appears to have begun being exported at this period, 
through Newcastle, to The Muscovy Company, and, later to 
Bordeaux. In this context it is worth noting that in 
England in 1570 the price of raw copper was E3.00 a 
quintal, whereas in Fr ankfurt, a town near the German 
copper mining regions, it was E3.5s, This demonstrates 
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the saturated and depressed market for copper in 
Britain. The problem of working capital was 
particularly acute for the German partners, Haug & Col 
who appear to have had to borrow money in Amsterdam to 
keep the mining operations going. 
1571 The shortage of capital continues, but the available 
records become more sketchy. At Christmas an audit of 
the company's holdings estimated their assets at just 
over E12,000, whilst the company had thus far invested 
some E30,000 or more in the venture. The English 
shareholders appear to have been loath to sink any more 
money into the venture, -with some shareholders reported 
[Scott 19121 as not having paid the call-up of E850 of 
1569. 
1572 There were further appeals to the Queen to buy up the 
produced copper. There was further stocktaking and Hans 
Lauer of Haug & Co writes to the Queen complaining of 
the lack of finance the English shareholders are putting 
into the company. There appears to be a clear rift 
developing between Haug & Co and the English 
stockholders. 
1573 The Queen buys a further E2,000 worth of copper, for 
making ordnance at the Tower of London, many workmen in 
Keswick are now in debt to the company with reduced 
working in the Keswick area. 
1574 The loan from the Queen, mentioned in 1570, finally is 
granted and improvements in the quality of the copper 
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produced attempted by hiring two German experts. A 
concession is won from the sister company "Mineral and 
Battery Works" which will allow the Mines Royal to set 
up waterpowered, hammers and produce battered (sheet) 
copperware at Keswick. May 6th, two Augsberg 
coppersmiths start to produce copper battery. This 
production of an easily saleable item from the company's 
plentiful supply of raw copper is another- way to 
generate cash. 
1575 Saw the company selling copper-battery and raw copper, 
El, 622.14s. 10d worth, with major customers being the 
Muscovite Company and the Queen (Tower Armoury). 
1576 By now only two mine shafts are left open, andýthese are 
producing little copper ore. ýThe smelters still working 
on old copper ore. Nearly E3,000 worth of, -raw-copper is 
sold, but running, expenses, loss of stock and debt 
repayments mean that the. -company is barely -breaking 
even. The accounts of this year show that the English 
shareholders were now in debt, to the tune of E17,561, 
in terms of unpaid call-up capital on their shares. The 
company presently kept afloat by Haug & Co. The Queen 
again bought E2,000 worth of copper, in this year, but 
the rift between the English and German shareholders 
continued. 
1577 The German partners, Haug & Co, now withdrew all active 
support for the company, leaving all the mines and 
smelting houses and German personnel etc, under 
Hockstetter's management, with, the company in Keswick. 
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1578 The mines and works around Keswick are still active, but 
lack of capital means bills and wages are not being 
paid. 
1 
1579 Hockstetter appealed to the Crown to help this mining 
concern at Keswick, to no avail; but proposed more 
concrete measures to the company of: 
Either i Raise more working capital, say E1,000 by a 
E41 call-up on each shareholder, or 
ii Lease the mines and smelters ofý Keswick -, to 
him for a given rent. 
1580 The shareholders finally decided that they would risk no 
more money, thus they leased the Keswick work to Thomas 
Smyth - one of the Mines Royal's shareholders and Chief 
Customer of the*Port of London. Smyth undertook in the 
lease to pay an annual rent to the company of 
E433.6s. 8d, to pay also one-ninth royalty to the company 
and the one-fifteenth royalty to the Crown. 
In 1579 Piers Edgecumb had tried to secure the lease for 
the right to mine (for copper) in Devonj Cornwall - see 
fig A3 - and Cardigan. In 1580, in partnership with 
Smyth he secured this lease, for an annual rent of E300. 
1581 Daniel Hockstetter died, but the works at Keswick 
continued. Joachim Ganse, a foreign metalworker, with 
more efficient ways of smelting copper comes ýto this 
country. 
1582 The new processes of Joachim Ganse appear to have been 
9 
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successfully tried, in that an 
trial is reported. Later in 1585 
[Grant-Francis 18811 that the 
Joachim Ganse are in use, so it 
started to be used around this 
mines of "Gods Gift" and Caldbeck 
producing ore around this date. 
improved yield, for a 
Ulriche Frosse reports 
improved methods of 
is likely that they 
period. The Keswick 
are both mentioned as 
1583 The Cornish mines had been surveyed by Hans Heringr 
manager of "Gods Gift" mine, and now mining had started 
at Treworthie, and at several other Cornish sites, 
supervised by Ulrich Frosse a, long time employee 'at 
Keswick. 
1584 Thomas Smyth continues running the mines at Keswick, 
though Rees [Rees W 19681 reports that four years of 
running the works of Keswick, and in partnership 
starting up the mines in Cornwall and Devon, had cost 
Smyth E11,000 in capital outlay at a net loss of E500. 
The Cornish mines are producing copper and a smelting 
house is under construction, probably at Aberdulais, 
near Neath in South Wales: and by July was reported as 
"ready" [Grant-Francis 18811. 
1585 Sometime between June 9th and July 4th 1585,24 
hundredweights of copper was successfully smelted at the 
"Neath" works. Cornish mines mentioned as being worked 
at this date include Logan, St Ives and St Just. 
1586 Accounts of the Mines Royal [Scott- WR 19121 suggest 
Smyth was running Keswick at a profit, E2,600 over the 
641 
last five years, with the Mines Royal also making a 
profit from its rental and royalty. 
1587 It is probable that Smythe had been losing money on his 
south west copper venture, and decided to concentrate 
his capital on the Keswick works for he took out a 
further lease for eight-and-a-half years on the Keswick 
mines and works. This commitment clearly suggests that 
he was able to break even, or make a profit, from the 
works despite the cost of rent and royalties during this 
period. This period ofý profitability may well 'have 
resulted in the increased threat that Spain posed during 
this period, culminating in the Arýada of 1588. This 
would have maintained a need for ordnance and other 
arms, thus keeping up a high price and steady market for 
copper. Smythe received his lease, in partnership with 
some of the German miners and smelters, of Keswick; 
these included Marcus Steinburgr Richard Ledes and 
Emanuel Hochstetter (Daniel's son). These Germans 
injected E1,200 capital into the business. 
1591 Thomas Smythe dies and the business-is: then controlled 
by his son John. 
1594 August 31, Smythe lets Edgecumb buy up his interest in 
the copper mining in Cornwall and Devon, and there after 
the mining in the south west appears to have been run by 
Edgecumb and his partners. This presumably means that 
Smythe felt he was not making a profit (nor. likely to) 
from the south west mines, and wanted to limit his 
losses, concentrating his efforts/capital at Keswick. 
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1595 Edgecumb and his partners are reported to have invested 
over E2,000 in the Cornish mines. 
1596 Scott [Scott WR 19121 reports Smythe as having made a 
loss of approximately E1,650 over the last nine years, 
presumably it being no longer economically viable to 
mine and smelt copper in the 1590s with the-lack of 
demand due to the lack of ordnance manufacture etc-after 
the defeat of the Spanish Armada. Thus Smythe gave up 
his lease on the Keswick mines. Rees [Rees 19681, 
however, suggests that Smythe's lease was up for renewal 
and that the Mines Royal Company took over the Keswick 
operations themselves, and suffered financial losses as 
a result of their mining of the mines in this year. ', 
1597 July 4th, the Mines Royal Company orders Thomas 
Steinburg, Emmanuel Hochstetter and Richard Ledes, now 
managing the Keswick operations, to take "stock of the 
mines", clearly showing the Compnay's concern over the 
operations at Keswick. The Company appears concerned 
over the dealings of the German managers, not, trusting 
them. The three Germans reported that more money had-to 
be invested, to keep the "Gods Gift" mine producing 
copper and to keep paying the workmen's wages. Clearly 
in the last few years much of the stock of copper and 
mined ore had been used up, with little reinvestment. - 
In the south west, Edgecumb and his partners are 
reported to have, by now, invested over E4,000 in the 
Cornish mines. 
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1599 The Mines Royal Company engaged Lord Scrope to look into 
the running of Keswick, more mistrust of the tI hree 
German managers. By Christmas, Scott (Scott 1912] 
reports that the Company had lost E700 in the last three 
years running the Keswick mines and works. 
The Cornish mines appear to have been abandoned around 
this date. Clearly Edgecumb and his partners were not 
prepared to take up the lease which appears to have come 
up for renewal in this year. With nobody else wishing 
to venture money it can be assumed that it was not 
economically viable to mine and smelt copper in south 
west Britain at this date. Presumably Edgecumb, and his 
partners had continued losing money over the last five 
years. 
1600 The Mines Royal Company appears to have held an enquiry 
into the state of the Keswick operations. The financial 
statement presented indicated that between 1563 and 1599 
the Company had made a capital outlay of over E27,000 
(this largely represented the mines and smelters of the 
Keswick area) whilst other subsiduary undertakings 
(including the Crown royalty) had cost a further E9,600. 
With a further E1,000 being asked for from each of the 
shareholders for further investment at Keswick, and no 
further rental income from the mines of the south west, 
the Company decided it would be better to lease the 
Keswick mines and works to Emanuel and Daniel 
Hochstetter and their sons, which they did, for a period 
of 21 years. This presumably was done on similar terms 
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to the leasing to Smythe, which appears from the 
accounts to have been the only time when the Company was 
running at a profitl 
From 1600 up to the civil war copper continued to be mined 
and smelted 'in, Keswick under the management of' the 
Hochstetters. The records of the 17th century show that the 
Mines Royal were not active in'mining-or smelting themselves 
during'this period, but rather were concerned' with the 
leasing'of rights to mine copp*er, 'etc. There are specific 
records'ofýmining and smelting of'copper - in'this' period, in' 
Rees [Rees'"19681, ' Hamilton [Hamilton 1967 2nd Ed], and Robey 
. 
[Robey J'A 19691, together with'the destruction of th6" mines 
and smelting works at Keswick' during 'the civil war being 
recorded. -' After the'civil warýactivity in this area was, 
however,, not 
'great 
as fierce exporting of . 
copper,, 
particularly by Sweden, kept, the need for British native 
supplies of copperlow. It was clearly not very lucrative, 
if at all, to mine and smelt copper, throughout. this period. 
The monopoly which Mines' Royal and the Mineral and Battery 
Companies held prevented vigorous expl ý'Oitation ofý'British 
copper, and it is noti - ceable that it was only with the 
rescinding of the monopolypowers of the two companies ý-`in 
1689 and 1694 [Robey JA'19691 that we see greater activity in 
mining and producing copper. Other factors, * such as the 
exploitation of deep tin lodes (rich in copper) in Cornwall, 
the use of gunpowder in mining, and improved use of coal 
burning reverbatory furnaces for smelting copper, contributed 
to new activity in copper mining and smelting. 
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This activity was principally concentrated in' the 
Severn/Bristol Channel area, using Cornish copper ores, and 
coal being mined in the Forest of Dean, eg The Upper and 
Lower Redbrook Works, working from 1690/2 onwards, and the 
copper smelting works of Bristol of the early 18th century, 
eg The Works at Halwells and Shrewshale. The activity" in 
Bristol was spurred on by having a ready market for 'their 
products in the increasingly important Bristol ' Brass 
industry. The copper smelting industry was, however, most' 
successfully established in the Swansea Valley in the early 
18th century. Though initially it used Cornish copper-I'later' 
,, 
Welsh copper ores from Anglesey and other sources superceded 
the Cornish ones. By 1750 half Britain's total copper' 
production came from the Swansea area [Roberts RO 19521. ' 
The fortunes of the early years of the extraction of copper 
in Britain, and the state of the Mines Royal Company in 
general, very accurately reflect the general economic 
conditions of the time. Tudor Britain was never rich, and 
with little internal banking system, the Crown and Exchequer 
were the major source of money, and both these organs' were 
heavily influenced by small events, eg Drakes return in the 
Golden Hind with booty from Spanish Galleons appears to have 
kept Britain solvent for a decadel 
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THE BRITISH BRASS INDUSTRY OF THE 16TH AND-17TH CENTURY -- 
The British brass industry, which was to become pre-eminent 
in the 19th century, was founded in the 16th century. Its 
foundations can be related chronologically: 
1565 William Humfreyj Master of the Royal Mint, and -a 
shareholder in the Mines Royal Company -which had been 
started the previous year, on July 16th petitioned the 
Crown for the right, with Christopher Shutz manager, of a 
calamine mine in St Annenberg, Saxony, to mine calamine, 
make brass, make brass wire and make -brass plate (by 
water powered tilt hammers) referred to as -battery. 
Other associates in this concern were Thomas, -Smythe 
(later to figure prominent in the Mines Royal Company), 
and Humfrey Cole. 
September 17th, two patents were granted, in perpetu ity, 
to Humfrey and his partners who formed the Mineral and 
Battefy Works Company, one to set up a battery works, 
the second to extract calamine anywhere in Britain, -and 
all other minerals in the counties not given to the 
Mines Royal. These very extensive privileges show-the 
concern of the Crown to start brass manufacture, or more 
likely the powerful presence in Court of this Company's 
lobby. A company was formed by the various associates 
to work these privileges, issuing a total of 36 shares. 
November 27th, obviously wishing to press on with brass 
manufacture, Humfrey wrote to Lord Cecil (the Queen's 
secretary): 
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"my principal ground for calamine is; from the mines of 
Aachen where it is to be had in great abundance. For 
the mine lies open to all people that will buy thereof 
without restraint. And that which is to be brought into 
this Realm for 7/- the cwt. cannot be recovered to 
(delivered at) Nurnberg for 14/- the cwt. by reason of 
land carriage. Also when it is made into battery therer 
that which serves France, Flandersf England,, Scotland 
and other places is also brought by land carriage to 
Antwerp, which is very chargeable. The which countries 
all open by sea to England and, as -any-place of the 
north east part of this Realm, -can recover the stone from 
Aachen better cheap than that city of Nurnberg by-reason 
of carriage, so may this Realm serve itself- of-. all 
manner battery, or anything. made -of-. latten, --. and_also 
serve many other countries better, cheap than Germany do, 
having the principal matter (copper) within this Realm. " 
"There is also given me-two other tokens,, one from Bath, 
the other from the Isle- of Wight. And Daniel 
Hoechstetter did tell me that he did know that there was 
calamine in England but he would not tell me where -he 
had found it, for he is very secret and so is Hans 
Lohner. " [Donald MB 19611. 
Clearly, calamine had not yet been located in Britain, 
and Humfrey wished to advance the works of the Mineral 
and Battery Works Company, being prepared to import 
calamine to start off the manufacture of brass in this 
country. 
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1566 February, from this date "an Englishman-and. a stranger" 
are recorded as searching- Britain for sources of 
Calamine. 
June 14th, Humfrey reports that Christopher Shutz has 
returned from Germany with various skilled metalworkers 
in order to set up a "works" during the summer. (This 
was eventually the works at Tintern, where 22 German 
metalworkers are recorded later in this year. ) 
June 30th, a calamine source, a vein 3 ft thick, had by 
this date been found at Worle Hillp on land owned by Sir 
Henry Wallop. This land was duly leased, and, with 
urgings of secrecy mining started. In a, short time 
20-30 tons of the ore had been mined. This ore proved 
very good, and was richer than samples of continental 
calamine that had already been brought to this country 
for comparative purposes by Christopher Shutz. 
August, there had been mention of building the brass 
making factory at Wandsworth, where the possibility of 
importing continental calamine had been mooted, but with 
calamine available from the Mendips a factory in that 
area was sought. Lord Pembroke (a shareholder) offered 
the company the use of Bristol Castle, but there was not 
sufficient water power (for the battery hammers) on that 
site. Therefore, another site in the area was chosen. 
Swayed by the abundance of good iron ore and coal from 
the Forest of Dean a site at Tintern, where the river 
Angidy flows into the river Wye, was chosen. 
649 
September 17th, the land for the Tintern works had been 
leased from the Lord of Worcester. 
November 7th, the construction of the works at Tintern 
was well advanced. 
"The artificial house for wire is in good forwardness: 
which house contains about 50 feet in length and 30 in 
breadth. In the same cometh as many works as 4 wheels 
can drive, also 2 furnaces for annealing and 2 forges. 
Which place, being brought to pass so near the works 
shall much set forward the same and when it has full 
perfection (which is supposedly to be within 6 weeks at 
the furthest) the assay what it is able to work shall be 
made with all diligence. " 
December 4th and 5thr the question of the mineral and 
Battery Works Company's monopoly on mining won debates 
in the House of Lords. 
1567 February 12th, worried by the Lords' interest in the 
mineral monopolies, caused by the case brought by the 
Earl of Northumberland challenging the rights of the 
Mines Royal Company to mine copper, 'on his land, Humfrey 
is counselling finishing the Mineral and Battery- Works 
Company's lease with Sir Henry Wallop,, - regarding the 
mining of calamine. Clearly they must have mined''a 
considerable quantity of calamine by this time, 'such 
that they did not require this-source of supply, or had 
actually bought some land with calamine ore on it of 
their own, thus no longer requiring the now contentious 
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lease. 
July 23rd, the works at Tintern are now reported as 
ready. 
September, copper has now been produced at Keswick by 
the Mines Royal Co. 
There is no clear statement that the Mineral and Battery 
Works Co is going to use, or did use, the Keswickýcopper 
to make their brass. They could have easily.. used 
continental copper rather than-wait until -Keswick had 
produced copper. It is noticeable that brass, producing 
work only began after Keswick had produced'copper, thus 
the implication is that Keswick copper was used. 
This, if it did occur, was probably induced-by the, close 
connections between the two companies,, -with,, many ýof 
Britain's notable men shareholders in both-companies. 
November 28th, Humfrey reports that work is going ahead 
on the attempts to produce brass, using sea coals for 
heating the furnace. 
1568 February lst, the production of the first British brass 
is reported at Tintern. The occasion of the production 
of this brass appears to have been witnessed by several 
notables including Leonell Duckett, the Governor of the 
Company of Mines Royal, which would be truly appropriate 
if Keswick copper were, being used -to makeý the brass. 
The copper in this original brass had increased weight 
28 lb in the hundredweight. Clearly the -object of 
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brassmaking would be to get as much increase in the 
weight of the copper, using the cheaper ingredient 
calamine. This represents a brass of approximately 80% 
copper, 20% zinc. Later brassmaking managed to raise 
the zinc content, with increases of 35 lbs. in the 
hundredweight of the copper, roughly a 76% copper 24% 
zinc. 
During the spring the 
Northumberland appears to 
Crown only rights over or, 
and rights to control new 
pracýices were free to be 
case involving the Duke of 
have been resolvedr giving the 
es containing silver or gold, 
knowledger though traditional 
done by any man. 
May 28th, the Mineral and Battery Works was 
incorporated, thus the previous company was officially 
declared as a Crown monopoly since it engaged in new 
processes, not traditionally done, ie the manufacture of 
wire and battery by water power, and the minin g of 
calamine. 
", i 
July 10th, Humfrey records that the works- at Tintern 
have been held up for lack of funds, eg a hammerhouse 
for battery, a forge for the iron, rollers and casting 
stores all yet had to be built. Also 5 tons of copper 
had been delivered and not yet paid for. 
The shareholders not providing their share of' the 
working capital, the same problem which dogged the-Mines 
Royal beset the Mineral and Battery Works Co. -Humfrey 
sold the shares of the shareholders who did not pay the 
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call up for capital. 
At the time of incorporation, the Company had -invested 
E7,000 in calamine mines, Tintern, etc [Scott WR 1912] 
though this figure is disputed by Hamilton [Hamilton H 
19671 who claims E6,666 invested in 21 years. 
November; efforts seem largely directed to the 
manufacture of iron wire with even unsuitable (impure) 
iron; which was being drawn into wire to keep the 
workmen busy until good (pure) iron could be produced, 
being sold at great profit. 
1569- There are records of iron production at Tintern during 
1576 this period. There is no further record of brass 
production, and indeed the Mines Royal, whose copper can 
be suggested as the principal raw material for the 
brassmaking, has at this time a surfeit of copper and no 
market. In 1574 the Mineral and Battery Works Co 
allowed the Mines Royal to produce sheet copper objects, 
battery, again suggesting it was itself not practising 
its7 monopoly. The reason for no further record of 
production may be twofold: 
The apparent success of the iron wire productionj 
the shareholders view no doubt being "Why sink more 
money, capital, in buildings etc, " (which we know 
were still required in 1568 to complete the building 
of the brassworks) "when we know the iron wire 
business is providing us with a nice tidy profit? " 
ii Mr Brode wrote in 1596 that, on visiting Tintern 
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John Hinchens, one of the original- 22 , German 
workmen, told him that the furnaces had given. brass 
of the right colour, but it was not malleable and so 
could not be used to produce battery. Brode had a 
vested interest in diminishing the -achievement ýof 
Shutz and Humfrey, so this account need not, be true,,, 
but it does give a plausible explanation for, the 
fact that the brass production was not seemingly 
pursued at Tintern. II 
This failure to produce good brass may well have beeA 
due to the embrittling effect of a high sulphur 
During this period Humfrey and Shutz appear to have 
given up operating at Tintern, and the works were 
leased or "farmed out" by the Company. 
1577 August, Humfrey writes that he is still hoping to, find 
time (and money) to complete the brassworks (at 
Tintern) as its benefit will be much greater than the 
iron foundry. 
1578- No further mention is made of brassmaking at Tintern ,, 
1581 though the iron wire business was still active through 
"leasers" or "farmers", principal among these-were Sir 
Richard Martyn and Richard Hanbery who managed the 
works between 1571 and 1585. 
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1582 The Mineral and Battery Works Co leases the right to 
mine calamine and produce battery to a group, of 
partners: John Brode (also written Burde), Sir Richard 
Martyn, Humfrey Mitchell, Andrew Palmer, MrýýJulius 
Ceasar and others, for a, ýperiod of. 15 years at E50- per 
annum. John Brode, a London goldsmith,, ýis reported as 
having experimented with, brassmaking and was installed 
as manager of the brassmaking concern, the other 
backers providing funds (presumably) for the 
establishment of a brassworks. 
1587 The agreement was ratified by the'Mineral and 'Battery 
Works Company for a licence to run March-25th , 1587 to 
March 25th 1597. 
1588 The new brass works was erected at Queens Mills at 
Isleworth in Middlesex. They consisted of: 
... divers working houses, melting hearths, 
waterworks, furnaces and other engines with great 
bellows, stampers and other preparations meet and 
necessary to be used for the handling of the works of 
the making and melting and casting of metals. " 
The calamine is recorded as coming from-the Mendipst 
particularly Brockley and Broadfield 'Down,, - near 
Wrington. The source of theýcopper is not stated, but 
as Brode's earlier experiments mention the use of 
Barbary copper, and the site of the brassworks was 
itself in the south east of Britain, copper from the 
continent is the most likely source. 
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1588- The brass works appears to have prospered with Brode , 
1596 clearly successfully producing brass on a commercial 
scale. Weekly production at Isleworth was claimed to 
consume 36 cwt calamine, 18 cwt copper, and produce 25 
cwt brass (a brass of 72% copper and 28% zinc being 
suggested by these production figures). An annual. 
production of 60-65 tons can thus be inferred, 
requiring about 45 tons of copper. ý : ""7 
Brode and his partners were, howeverg, frequently in 
'' ,7 dispute over this period. They claim that he was 
"appropriating stocks", "concealing profits", and 
refusing to disclose the secrets of brassmaking to 
them. He claimed that he was putting his own money 
into the company, whilst they were not paying their 
share of the expenses incurred. 
1596 The Company renewed the lease to "Brode" and Palmer for 
a further seven years at E50 per annum., Burde, 
however, failed to pay the lease which he thus 
forfeited to another group of partners, who paid an 
increased lease of E100 initially and E400 per annum 
for the following 21 years. Clearly brass making was a 
lucrative business. Burde was now involved in a legal 
battle with various former partners and the company, 
and removed the stocks of raw and finished metal, the 
calamine and the leases to the calamine mines from 
Isleworth. 
1597 June 29th, the Privy Council gave judgment in the caseý, 
awarding some damages to both sides. Brode felt ill 
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done to by the judgment and continued his, legal battles 
up to 1605 in the House of Lords. 
1598 A brassworks established at Rotherhide in London, which 
may have started being built in July 1584 [Rees W 19681 
was now leased to Abraham von Herwick (Dutchman), and 
partners. 
The records of who was producing brass become more confused 
and incomplete during the 17th century, with no clear 
evidence as to what happens to the existing brassworks-, --at 
Isleworth and Rotherhide. A succession of different 
merchants, wiredrawers and entrepreneurs are granted1icences 
to produce brass and brass wire during the early years of the 
17th century. Some of these, eg Mr Gilbert holder of a 
licence between 1623 and 1628 appears to have been producing 
wire, though it is not known where, possibly at Isleworth or 
Rotherhide. Brassworks are mentioned in 1635 as the property 
of Dame Mary Hamilton and Dame Elizabeth Savage, who were 
using Swedish copper and presumbly British calamine to make 
brass, but such was the cheapness of continental brassware 
that they were importing brassware as it was often cheaper 
than making it. This probably represents the high price of 
Swedish copper, who put high tariffs on copper to keep its 
manufacture and brassmaking in their own country. 
In 1629 illicit brass works near Bristol run by William Berry 
and John Bisse are recorded (these were closed by the Mineral 
and Battery Co in defence of their monopoly). This was not 
the only illicit works closed by the Company. 1631 saw a 
brassworks built at Popplewich nr Nottingham by John Reevis; 
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in 1633 Sir John Byron built another, brassworks near 
Nottingham; both found it difficult to run their works at a 
profit due to the cheapness of European brassware. 
The Civil War period again robs us of accurate records, 
though little organised industry profited in this period. 
From 1650 onwards we see a similar situation to-that pre-warý 
Brassworks were being established, eg Joseph Mummers. works at 
Esher in Surrey [Robey JA 19691, and ýDemetrius & Hoote 
established a works at Erith. These concerns used imported 
copper and calamine or. - British calamine, which. was 
being mined in the, Mendips, as in the case of John, Tripp who 
in 1662 is recorded'mining over 500 tons of calamine.,, -- 
With very competitive priced European brass, little profit 
was to be had, and many of the manufacturers struggled to 
survive. They appear to have pleaded long and hard for the 
Government to prevent cheap imports of brass, especially from 
Sweden, which was "dumping" on the British market. The 
Government appears loathe to stop cheap supplies of brass, as 
many manufacturing trades, eg pinmakers, used it as a raw 
material, and at those times when action was taken against 
foreign imports the British suppliers were unable to supply 
the demand of the market causing price rises and illicit 
importing. 
This situation was compounded by the Mineral and Battery 
Works Company. The Company failed to run its monopoly 
effectively. It was passive. merely giving licences to 
exclusively produce brass for certain areas, at certain 
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times, to certain producers. It was also weak; ý-and- did not'' 
protect these rights, thus allowing '''damaging int'ernaf 
competition. It allowed disputes 'over monopoly rights to 
drag on through the courts for years. It did not control its 
monopoly suppliers, allowing them to create artificial 
shortages and raise prices, and it failed to, stop, cheap 
imports when the laws were there to be enforced. It did 
nothing active at all to encourage -strong brass producing 
businesses#, and 'nothing -to encourage the use of , native' 
metals. Thus, it was only after the ending ofthe monopolies 
at the end of the 17th century that open competition sparked 
many mining and manufacturing concerns, some of- which grew'' 
into the large manufacturing concerns of the 18th centuryr eg 
The Bristol Brass Co. 
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EXPERIMENTAL WORK: refining and testing aspects of the 
Primary and Secondary Fluorescence Equations, and the 
procedures followed in determining the analytical 
compositions, as utilised in Chapter 10. 
A series of experiments were initiated which looked at 
various aspects of the method of obtaining data and its 
subsequent handling, and tested them against alternatives. 
The derivation of the initial intensity data of 
characteristic element emissions is the necessary first step 
in the quantitative analytical procedure. 
The derivation of the intensities of elemental peaks 
(mentioned earlier) was, for isolated peaks, obtained by the 
simple subtraction of the background from the total area 
intensity to give the peak intensity. Where peaks merged 
together a more complex series of calculations were required, 
specifically for the elements Nickel, Iron and Manganese. - 
NICKEL 
The Nil<oe_- emitted radiation is, when displayed, swamped by 
the front edge of the large Cukocpeak. Therefore, in order 
to obtain an accurate measure of the Ni kocintensity, the 
intensity or area of a given part of the front of the Cu peak 
(background already removed) for a series of standards whose 
known composition did not include nickel, was compared to the 
rest of the Cu koc total peak area. This gave the roughly 
constant ratio of this area of the peak to the peak total, 
see Table A: l. Then a series of standards with known peak 
nickel contents had the front part of the Cu Kcrpeak, and the 
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rest of the CuKor--peak measured. The same percentage of the 
front of the CuV<(; c peak is attributable to the effect of 
Cu kocradiation, the rest being due to Nij4d-j therefore, the 
substraction of the constant ratio part of copper alloy peak 
leaves an intensity figure solely due to the presence of 
Nickel - see Table A: l. These derived Nickel intensities can 
then be corrected for in the normal manner with their 
absorption coefficient values and displayed graphically 
against concentration - see Graph. A: l. From this it can be 
seen that there is a good linear relationship between 
corrected Nickel Intensity and Nickel Concentration. This 
relationship can be incorporated into the PRICAL program or, 
deriving the nickel content of known and unknown standards. 
The statistical variations in the counting and the ratio 
variations might all suggest that large variations in the 
accuracy of the Nickel determination. By putting known 
standards through the program, and treating them as unknowns 
derived values - see Table 10: 12 - which were surprisingly 
accurate. The minimum detectable values quoted also take 
account of the poor statistics and presence of the 
Cu Kcr- peak. 
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TABLE A: l 
NICKEL 
Standards with no Ni 
Standard Cu Int Cu Tail + Cu Int/Cu Tail 
Ni Int + Ni Int 
. 05 523402 1288 406.37 
. 21 515641 1632 315.96 lill 714054 1512 472.26-,, - 1118 628891 1103 570.16 
1116 739243 1754 421.46, 
C30 . 05 606599 1074 564.81 
x 458.5 
Standards with Ni. % 
Standard Ni % Cu Tail- Ni Int Cu, Int 
+ Ni Int 
1103 0.15 2332 1275 484485 
1109 0.1 2391 . 913 677479 x0l 0.1 2089 894 547754 
X04 1.0 8161 6913 572378,, 
x1l 0.54 5380 3994 635623 
X21 1.0 10209: -8753 667357 
X31 1.6 11128 9930 549363 
X34 0.72 5938 4705 565273 
IRON 
The FE I<ccand Manganese kocpeaks occur at 6.4k&V and 5.9keV 
respectively between these peaks and overlapping both of them 
is an 'escape' peak from CuV<oc-, ie Copper kce-radiation which 
has been partly absorbed by the Silicon in the detector, 
giving a (Cu 1< oc - Si K.., W energy peak at 6.3lkV. 
To derive the pure Ironl<ocpeak intensity the same procedure 
is used as for nickel. The area or intensity of the upper 
half of escape peak in samples containing no iron is 
determined and its ratio to the Cu Kocpeak determined. 
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Theoretically the escape peak should be proportioned to the 
main peak - see Table A: 2. 
The standards containing known percentages of iron then have 
the joint upper half of the escape peak and FeKmpeak 
intensity determined. The Fe intensity is derived by 
deducting the given ratio (previously established) of *the 
Cu kor-peak away from the joint peak. The resulting Fe 
intensity - see Table A: 2 is then amended with the 
correction term for its absorption coefficients, and 
graphically displayed plotted against concentration - see 
Graph A: 2. The relationship established is approximately 
linear, but with the large variation in counting statistics 
and variations in the escape peak of the Cu peak, a wide 
spread of points about the linear relationship may be 
expected. This relationship was, however, incorporated into 
the PRICAL program and its accuracy tested - see Table 10: 10. 
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TABLE A: 2 
IRON 
No Fe % in Standard 
Sample Fe + (Cu esc) Int Cu Int Ratio 
C30.05 3189 606599 190.22 
52.05 3876 523402 181.99 
52.21* 1072 515641 481.01 
x2l 3836 667357 173.97 
1111 4018 714054- 177.71 
x -181 
Distorted by a diffraction peak 
S amples with Fe % , in Standard 
Sample Fe % (Fe + Cu Cu Int Fe Int 
esc) Int 
1103 . 26 5535 484485 2858 1109 . 05 4537 677479 794 1116 . 05 4666 739243 582 
x04 . 12 3942 572378 780 
X11 . 12 5214 635623 1702 1118 . 06 5039 628891 1564 
x3l . 25 4689 549363 1654 
x34 . 17 4380 565273 1257 
MANGANESE 
As previously stated, the manganese Kocpeak is overlapped by 
the copper escape peak. For the true manganese kcr-intensity 
the area or intensity of the lower half of the escape peak, 
in samples containing no manganese, is determined and its 
ratio to the Cu 1<(r-peak is determined. Again the escape peak 
(or a given part of it) should be proportional to the 
Cu k-ccpeak (or a given part of it) - see Table A: 3 
The standards containing known percentages of manganese then 
have the joint lower part of copper escape peak and 
Mn Kocpeak intensity determined. The manganese intensity is 
derived by deducting the given ratio (previously established) 
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of the Cu kcr-peak away from the joint peak. The resulting Mn 
intensity - see Table A: 3 - is then 'amended with the 
correction term for its absorption coefficients, and 
graphically displayed plotted against concentration - see 
Graph A: 3. The relationship established is approximately 
linear but, with few examples to draw on, poor counting 
statistics and variation in the escape peak ratior the 
relationship established is tentative. This linear 
relationship was, however, incorporated into the PRICAL 
program and its accuracy tested see Table 10: 11. 
TABLE A: 3 
MANGANESE 
Samples with no Mn % 
Sample Cu Int (Cu esc) 
Mn Int 
1103 484485 274 
1109 677479 114 
lill 714054 134 
1116 739243 149 
1118 628891 318 
. 05 523402 190 
x2l 660724 93 
C. 05 606599 210 
Sample with Mn 
Sample Mn % Cu Int 
X01 0.11 547754 
x04 0.05 572378 
x1l, 0.06 635623 
x3l 0.02 549363 
x34 0.19 565273 
(Cu esc 
tin) Int 
1705 
398 
623 
231 
1156 
Ratio 
Cu: Mn Int 
1768. 
5942.8 
5328.8 
4961.4 
1977.6 
2754.7 
7104.6 
2888.6 
x 4090.8 
Mn Int 
1571 
258 
468 
97 
1018 
y 
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SECONDARY FLUORESCENCE 
Beyond the testing of the computer programs PRICAL and SECAL 
for accuracy by testing against reality using a series of 
known composition standards, further checks on the accuracy 
of the working of the SECAL program were run. Though a 
correction had been obtained to the results by utilising the 
Secondary Fluorescence correction it did not improve them 
markedly, and it was felt advisable that a separate test be 
run to ensure that the mechanics of the secondary 
fluorescence correction in the program SECAL were working 
correctly. 
To this end a series of notional iron nickel alloys, which 
had been analysed previously [Shiraiwa and Fujino in 1966 - 
Table IV, P8941 and had the proportions of their primary and 
secondary fluorescence noted by these workers, were put 
through a version of the SECAL program. 
This program SECHEK (see over) worked out the proportion of 
secondary fluorescence that would occur in an iron nickel 
alloy of a given composition. Shiraiwa and Fujino had 
devised their own version of the secondary fluorescence 
equation from first principles. The secondary fluorescence 
equation used in the SECHEK program was that denoted earlier 
and used by Criss & Birks [Criss and Birks 19681. 
The two sets of results displayed graphically - see Graph A: 4 
- in terms of secondary fluorescence (compared with primary 
fluorescence) for iron over a range of nickel iron alloy 
compositions. 
FýCGKAM, SECHEK 
DIME NS 10 14 AeE(5s 11 ) jo EL5p 111 j, A -s, -C : v, z 13 p 11 )pII(3pz)j C' ( 11 ))E( 11 
b, 'OEN'Slo! 'ý 2(111 IFý1(11) tE %3113 )1 V-- (I'll)' Y(ll )1111 (11 ), AMAL (11,. L1 
DIMEN51 r); -4 T2( . -' r '> ), T'(ý, 3kC 11 L 11 C- 11K2C5 
L) IME %S I ON P( 11 ), I( 11 
0PEN(4, FILE=1EDAT1) 
OFEN(10, FTLE-1ELEMS11) 
UFP4(b, FILE-#STD, iT1) 
OPEN(7pFILE-IRESULTSI) 
READ(4, *)((Tl(TPJ), I=1,3)PJ-lp3)- 
READ(4, *)((72(IPJ), 1-1,3), J-lp5) 
READ(4, *)((T3(IPJ), I-1,5), J-lp3) 
READ(5, *)(Z(I)PI-1,11) 
P, EAD(5, *)((K2(lp'J)#Inl, 5)pJnl, ll) 
READ(5,1)(N1(1), I-1,11) 
FORMAT* (11A2) ' 
READ(5, *)(Y(I)PI-1p11) 
PEAD(5, *)(F1(I)jI-1,11) 
READ(6, *)((G(TPJ), I-1,11)j, J-1,14) 
DO 30, N-41PI1 
DO 20, pMulj, 3 
ic, D1-T1(1, M)*((ALOG(Z(N)))**2) 
D2-T1(2pM)*(AL0G(Z(N))) 
AE(MsN)-EXP(D1+D2-T1(3, M)) 
20 CONTINUE 
ASE(5, N)-AE(3, N) 
ABE(4, N)RAE(2, N) 
ABE(3j, N)-AE(2, K) 
A3E(2, N)vAE(1, N) 
ABE(1pN)whE(1, N) 
30 CONTINUE 
00 50, N-1#11 
D040, M-1 jo 
5 
D3-T2(1, M)*((AL0G(Z(NM**2) 
D4xTý(2,14)*(AL0G(Z(NM 
EL (1p N)-EXP( D3 +D4-1 2(3,111 
4C CGNTINUE 
KB(lPN)-K2(1pN')+K2(k, N) 
KB(2, N)-K2(3jN) 
K3 ( 3p K) -C 
DO 45, K--1,11 
AMAD(K, N)w0. C, 
AhAE(K, N)-0.0 
45 CONTINUE 
5c CONTINUE- 
K1*0 
7t. K1wK1+1 
00 200, Kelll 
00 IQOPL-1,5 
I; (K2(L, K)*S0#0* 'O)GO13 1qC 
IF(Kl. EO. 1)TH. EN 
GEL-LL(LpK) 
END IF 
IF(Kl*EQ*2)THEN 
GELw(ABE(LvK)+0.6) 
END IF 
DO 80PN-loll 
DO 77st'vIP3 
AMACME(im#N)-O. C 
77 CONTINUE 
8c CON71NUE 
DO 110PN-lpll 
Flo-c. 0 
00 100,4-1,3 
IF(M. EQ*3)GOTO 90 
IF (A L(MPN) @GT*GEL ) TriL, \ 
Flo-FIO+I, C, 
G[JTO 100 
END IF 
rio D5-T3(2oM)*((ALl)G(Z(N)))**2) 
D6-TB(3pM)*(ALOG(Z(N))) 
D7-73(IpM)*E)(P(05+D6+T3(4je)) 
IF(M*EQol)THEN 
Els(-OoCO68535*(ALOG(Z(N)))+loO7Ol8l) 
73(5pM)-EXP(-0.0045522*((ALOG(Z(N)))**Z)+(Ll)) 
GOTO 95 
ENO IF 
IF(M*EQ. 3)GOTO 95 
EZ-(0.8368829* (ALOG(Z(N)))-O. 5't! 9687) 
T3(5sM)-EXP(-Ooll3l595*((ALOG(Z(h)))**2)+(EZ)) 
IF(Z(N). LT. 42)THEN 
7300)-2973 
END IF 
95 AMACME(MPN)-D7*((12*398/GEL)**T3(5pei)) 
IF(FlO. GT*0*5) THEN 
AMACME((M-FlO)PN)sAMACME(MpN) 
AMACME(FIOPN)-AMACME(MPN) 
F10-0*0 
END IF 
100 CONTINUE 
DO 105pMulP3 
IF (Kl, EQ*l) THEN 
AMAD(NsK)sAMAD(NPK)+(AMACME(MoN)*K3(MsN)) 
END IF 
IF (Kl. EO*2) THEN 
A, 4. &E(Nj, K)-AMAE(NjPX)+(APýACtiE(ti, #N)*K3(MPN)) 
END IF 
105 CONTINUE 
110 CONTINUE 
i9o CONTINUE 
200 CONTINUE 
IF(Kl*EO. 1*0) GOTO 76 
00 400PJ01P14 
00 240PNelpll 
C(N)j-O. O 
T(N)wO*0 
V(N)aO*O 
E(N)a0o0 
P(N)=O*O 
2ýO CONTINUE 
DO 3001K-loll 
IF(G(KPJ). EO. 0.0) GOTO 300 
DO 250jN-lill 
C(K)mC(K)+AMAD(4#K)*G(N. oJ) 
E(K)-E(K)+AMAE(N. PK)*G(NPJ) 
250 CONTINUE 
P(K)wC(K)+(E(K)*1.555718) 
300 CONTINUE 
DO 344PN=loll 
S480*0 
IF(C(N)*EQ*0*0) GOTO 344 
DO 343PM*loll 
IF(C(M). EQ, 0*0) GOTO 343 
H-0.0 
DO 330. #I-tlt3 
IF(K3(IPN)oEO*OeO)GOTO 330 
DO 320PL-lp5 
IF(K2(LPM). EQ. O. O) GOTO 320 
IFL(LGTE(INTHEN 
H-0 
ENDIF 
320 COiNTINUE 
330 CONTINUE 
S3G(MvJAMAD( 14 pk)4A PA E rl h10101MF1H 
S4-S4+(S3*(S2+Sl)) 
343 CONTINUE 
S5-S4*(IoO/AMAECNPN)) 
v(N)w(loo-S6)*100*0 
T(N)uP(N)*S6 
344 CONTINUE 
WRITE(7p350)J 
350 FORMAT(2XPISAMPLE 1P13) 
DO 360. *Nalpll 
WRITE(7p353) NIM 
353 FORMAT(2XPA2) 
ýRITE(7055) P(N)PT(N)sV(N) 
355 FORMAT(2XPIPRIMAOY MACl*F21*oplSEC0NDA; Y MACI 
ljF21*6p*Z SEC FLUDRIPFE*2) 
360 CONTINUE 
400 CONTINUE 
END 
GRAPH A4 COMPARISON OF THE SECONDARY FLUORESCENCE 
COMPONENT CALCULATED FOR THE IRON, 
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The two programs are both acting in the same manner and 
producing similar levels of secondary fluorescence for the 
same alloys. There is, however, a difference between the two 
sets of figures - roughly a constant 2-4% (actual) - with the 
results from SECHECK clearly lower than those obtained by 
Shiraiwa and Fujino. The basic mechanism of determining the 
secondary fluorescence thus appears to be correct, only the 
figures appear to differ, and these may be explained by -the 
use of different constants, eg using different tables to, 
derive the mass absorption coefficients etc. II 
It is worth noting that the use of the SECAL program in 
practise was found to roughly 'correct the results - see 
Graphs 10: 77 and 10: 3. The implication being that a 
correction by Shiraiwa and Fujino would have been too large 
and thus less accurate! 
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OBTAINING THE 'STRAIGHT LINE' FIT ON GRAPHS 
OF INTENSITY VS CONCENTRATION 
I 
In Chapter 10 it was stated that the relationship (linear) 
between the I measured x MAC term and concentration was 
determined by a least square fitting process where every 
point is equally weighted. 
This technique treats all points equally: an alternative is 
that the results are plotted graphically and a straight line 
drawn 'by eye' through the results. This is, of course, 
subject to the bias of the operator, but will differentially 
weight the points, so a single freak'result doesn't distort 
the relationship as it does'with the least,, squares method, 
although the least squares method does have the advantage of 
reproducibility. 
For comparison purposes, the same set of intensity data has 
had its linear relationship between (I measured x MAC term) 
vs concentration determined by the first method, least 
squares, and then the second method, by eye. These 
relationships were incorporated into two, versions of. the 
PRICAL program, then the intensity data was run through both 
the two programs. The two sets of results and their errors 
from the analytically determined values are given in Table 
A: 4. 
These results show the mean error is lower for the line by 
eye method for copper and zinc, but higher for the lead, tin 
and nickel determination - obviously freak results throwing 
out the zinc determinations for the least squares process. 
Apart from zinc the two sets of results are very similar, 
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with similar degrees of error, suggesting that there is 
relatively little difference between using either method, but 
for the increased reproducabilitythe 'least squares' 
method was used when determining the 
concentrations of the samples recorded in the Analytical 
Results. 
TABLE A: 4 
Comparison of the Least Square 
,s 
and 
the Line through the Points by Eye Methods 
1103 1109 1111 1116 1118 52.05 52.21 
Cu % 59.5 82.2 87.14 90.3 77.4 60.46 61.62 
LS % 57.0 83.11 88.31 91.05 77.63 57.34 58.58 
% Error 4.2 1.22 1.34 . 83 . 30 5.16 4.93 SL % 57.86 82.81 87.85 90.45 77.74 58.37 59.51 
% Error 2.76 . 74 . 81 . 16 . 44 3.46 3.34 
Zn % 35.86 17.14 12.81 9.4 22.5 39.54 36.79 
LS % 38.02 16.27 11.69 8.95 22.37 42.66 39.88 
% Error 6.02 6.15 8.74 4.79 . 58 7.89 8.40 SL % 37.15 16.45 12.15 9.55 22.66 41.63 38.95 
% Error 3.60 5.46 5.15 1.60 1.07 5.29 5.87 
Sn % . 88 .1 019 . 04 - - 
1.59 
LS % 1.10 . 31 - - 
1.54 
% Error 25.0 - 3.14 
SL % 1.10 . 31 - 1.54 % Error 25.0 - - - 3.14 
PB % 3.73 . 07 . 013 . 042 . 02 - - LS % 3.71 . 22 - - - - % Error . 54 SL % 3.70 . 32 % Error . 80 - - 
Ni % . 15 .1 . 0222 . 048 LS % . 16 . 09 - - % Error 6.67 10.00 - - 
SL % . 18 . 12 - - % Error 20.0 20.0 - - 
Error greater than 20% 
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TABLE A: 4 (cont) 
C71 C50 C30 C50 C42 C71 C71 
x2l x3l AS x34 X01 x04 x1l 
Cu % 83.54 76.7 70.0 78.3 66.3 87.48 83.44 
LS % 84.78 75.61 68.94 77.00 64.98 86.02 84.44, 
% Error 1.48 1.42 1.51 1.66 1.99 1.67 0.0 
SL % 84.05 75.04 69.48 76.35 65.60 85.15 83.75 
% Error . 61 2.16 . 74 2.49 1.06 2.67 0.37- 
Zn % 4.9 0.58 30.0 1.0 32.66 1.2 6.03 
LS % 4.47 1.31 31.06 1.74 33.89 2.24 5.62 
% Error 8.78 3.53 3.77 6.80'' 
SL % 5.21 2.10 30.52 2.53 33.17 3.09 6.30 
% Error 6.33 1.73 1.56 4.48 
Sn % 5.2 9.73 - 11.77 . 83 7.9' 5.94 LS % 5.19 9.70 - 12.23 . 67 8.0 5.50 % Error . 19 . 31 - 4.53 19.28 1.27 7.41'ý' SL % 5.18 9.66 . 001 12.19 . 63 7.98, 5.49 % Error . 38 . 41 - 4.19 24.1 . 25 7.58' 
PB % 5.3 11.26 - 8.27 . 12 2.4 4.03 LS % 4.54 11.78 - 8.29 . 38 2.81 3.92 % Error 14.34 4.62 - . 24 17.08 2.73' SL % 4.53 11.70 . 001 8.19 . 46 2.84 3.93 % Error 14.53 3.91 - . 97 18.33 2.48 
Ni % 1.0 1.62 - . 72 .1 1.0 . 54 LS % 1.03 1.61 - . 74 . 12 . 93 . 52 % Error 3.0 . 62 - 2.78 20.00 7.0 3.70 SL % 1.04 1.61 - 0.75 . 15 . 94 . 54 % Error 4.0 . 62 - 4.17 50.00 6.0 0.0 
Error 
Mean Standard 
Copper >50% LS 1.98 1.61 
SL 1.56 1.19 
Zinc >3% LS 5.95 2.54 
SL 3.83 1.99 
Tin >5% LS 7.64 9.39 
SL 8.13 10.43 
Lead >5% LS 6.59 7.29 
SL 6.84 7.61 
Nickel >. I% LS 6.72 6.13 
SL 13.10 16.89 
* Error greater than 20% 
670' 
E' EFF 
IIý .11ý The boldest assumption in the working computer PRICAL, is 
the use of a single effective point for determining the 
incoming spectrum to a given element. This is a valid 
assumption, as seen in the mid-point theorem [Shen RB 19741. 
In practice, however, a constant value above the absorption 
edge for every element is used as the effective energy of the 
incoming radiation (E' Eff). This follows the example set by 
RB Shen 1974 for the software for the EDAX systems, where E 
eff was set at 0.3 keV above the absorption edge. This 
practice is obviously an approximation, since for every 
element the incoming spectrum, is clearly different and so the 
E eff will vary, and is unlikely to be a constant value above 
the absorption edge. 
A more accurate series of analytical results would presumably 
be obtained if a, better (more accurate) series of *E eff 
values could be obtained which were specific to each. element. 
In order to do this the x-ray spectrum emitted by the x-ray 
tube which was received at the sample surface had to be 
derived. 
A substance of known atomic weight, in this case polymethyl 
methacrylate (Perspex),, average atomic wt 3.6, had its 
spectrum measured on the x-ray fluorescence system. The 
atoms in this material emitted secondary radiation of such 
low energy as not to be detected on our detection system, so 
the spectrum received was that emitted by the x-ray tube and 
scattered back from the Perspex. This measured spectrum was 
divided into small steps, in energy or wavelength terms, and 
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corrected for the varying efficiency of the detector - Graph 
A: 5 - and for the ratio of coherent to incoherent scatter - 
Graphs A: 6 and A: 7. This enabled the distribution. of the 
x-ray spectrum emitted by the x-ray tube 'to be produced - 
Graph A: 8. 
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GRAPH A: 6 COHERENT TO COHERENT AND COMPTON SCATTERED 
RADIATION RATIO, EXPRESSED AS A FUNCTION OF 
ATOMIC NUMBER, AT DIFFERENT ENERGIES 
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The incoming radiation received by any one element in the 
sample, therefore, was the sum of all the x-rays above its 
absorption edge (in energy terms). 
In order to work out which, single energy represented the sum 
of all the x-rays above, a target element's absorption edge, a 
computer program, STAN, derived'values of the terms 
values of the term 4: &i x I>, 
, 
PL«% X r-5r- e -f 
for every energy band above a given element's absorption 
edge. 
(ii) values of the term ýLt. x I 
)-L 0% X csr- E -I' )-k f^ e\c C-10 C- 
for the total incoming energy, above a given element's 
absorption edge. 
The value for (i) which equates to that of (ii) represents 
the energy band which could represent the spectrum (the mid 
point theorem value for the element's incoming spectrum). 
The value of this energy varied for each element - see Table 
A: 5 - and its value above the absorption edge of the element 
varied with atomic number. These values defined as the El 
eff were, however, much more than the 0.3keV above the 
absorption edge used by Shen RB- see graph A: 9. 
f QLGý all. STbl. 1 
-)I ME NS I ON' A RH IIskLtj, 19A. ic Cil 
:)11E -N S 10 N? (IIF(pIIj, AL, II)iXpIi) js 
ý- Iý(51j, 
D I. ME NS I ON T2(. 3 5), 2pii( Zo LG 
GPE;, 4(4pFlL[-lE0tll) 
OPEN(3j, FILE-IESPECI) 
CPEN(5#FILEcIELEtl, Sl) 
CPEN(6pFILEmlSTDuTt) 
OPEN(7pPILEw'RESULTS') 
READ(4#*)((Tl(IPJ)pl-lp3)#J-IP3) 
READ(4, *)((T2(IPJ), lclp3)pJmlpl) 
READ(4p*)C(T3( rpJ), l-lp5)sJ-1V3) 
READ(5p*)(2(1)mI-lpll) 
READ(5p*)((K2(IPJ)pl-lp5)#J-Itll) 
READ(3p*)(F2(I)vI=23s2C4) 
READ(5pl)(Nl(i)prulplli 
I FORMAT (llA2) 
READ(6p*)((G(I)J)PIalpll)jJ=1,14) 
DO 30PNzlpll 
00 20PM-10 
10 Dl -T 1(1. o M)* ((ALOG(Z(, N)))**k) 
D2-Tl(2p. M)*(ALCG(Z(N))) 
F(MPN)-O,, O 
AE(MPN)-EXP(DI+D2-Tl(3pM)) 
20 CONTINUE 
F(5pN)-O. O 
F(4pN)uO. O 
ABE(5p N) -AE OPF) 
A8E(4pN)-AE(2pS) 
A6E(3sN)aAE(2pN) 
ABE(2pN)sAE(1, N) 
ABE(1, N)-AE(1#N) 
30 CONTINUE 
00 5GON-IfIl 
DO 40pMzlp5 
D3-12(1. vM)*((ALCG(7(N)))**2) 
0ý-T2(2,1)*(ALVG(Z(N))) 
EL(epN)-EYP(D34D4-T2(3pM)) 
4rc CONTINUE 
K3(llN)-w2(lpý')+K2(2, fý) 
K3(ZPN)-K2(3#h) 
K3( 3#N)-K2( 4jN 
50 CONTINLE 
X-C.. 0345 
xlxc. c 
00 69ptJulo 11 
00 60PPul. 95 
00 15 7p 1-23p 204 
IF(E. LT*ABE(MPN))GL, lC- 67 
-F ( F, N) xF ( t1p N) +F 2(I) 
67 CONTINUE 
C8 CONTINLE 
6Q CONTINUE 
DO 75#Nslpll 
00 72PM-lp5 
AMAC Vi, N) wC .0 
72 CONTINUE 
75 CONTINUE 
00 300#K-lpll 
; ýR ITE( 7p 76N1 (K 
76 Frik h AT ( 2)(P EL E r. E NT 2Y AZ 
DO 21; 0#L-1,5 
, 4RITE(708) L 
7PG 1ý. M IT(7X01LINIpTB) 
Ii(V2(LpW. FC. CC)GL7Ci ýrk 
AMAC(Lj, K)C. 0 
00 ecplxlpll 
00 77#1'-lp3 
A0. ACM, 'ý ( !4 ON ) 20 .0 
At'. ACME(! ONA X0.0 
77 CCNTINUE 
60 CONTINUE 
AMAC1-0*0 
AMACZw0.0 
00 11CON91011 
WRITE(7p89) Nl(N) 
69 FORMAMYOIABSCRBING ELEP. EN7', *l). #A2) 
F13-0.0 
DO 100PM-1P3 
IF(M. EQ. 3)GOTO 90 
IF(AE(PpN). GT, EL(LPFMHEN 
F10-FIC+1.0 
GO, TD 100 
END IF 
9c D5-T3(2, pM)*((ALOG(Z(N)))4*2) 
D6wT3(3vM)*(AL0GMN))) 
D7wT3(lpM)*EXP(D5+D6+73(4pt; )) 
IF(M*EQ*1)7HEN' 
El-(-0.006E535*(ALOG(Z(N)))+1-0701tl) 
13(5p, l)uEYP(-0*0045522*((ALfjG(Z(N)))**2)4(El)) 
GOTO 95 
END IF 
E2-(C. E366629*(ALL'G(Z(ý)))-0.54'ý6E7) 
T3(5pM)-EXPC-0*1131595*((ALOG(Z(N)))**2), (EZ)) 
IF(Z(N)*LT. 42)7HEN 
T3(5pM)-2.73 
END IF 
95 AMACME(MPN)-D7*((12*398/EL(LPK))**I---Cbpri)) 
IF(FlOoGT. C. 5)THEN 
AMACME((M-Fl0), vN)-AMACeE(r-PN) 
AMAC11E(Fl0pN)*AMACMHMph) 
F10-0.0 
END IF 
100 CONTINUE 
DO 105 M-10 
WRITE(79lC3) MPAMACrE(tfflN) 
10 POPMAMYPITHE FOGEIPI-'-PlhkS 1HE 4P. ICH OFIPZýpFlt. E) 
1 C. 5 CUNT INLIE 
lio CONT IýUE 
DO Z80#1x23v2G4 
E-(X*(I*5))+Yl 
IF(E. LT*&BF(Lt1M GOTO 26C 
DO 200pt. -lp 3 
At'iAC. ME(, 'j, K), aAMAC, ME(2.91-L) 
AV, ACPE(4pK)-V0kCmE(2pK) 
Ar1ACME(3pK)wAMACME(2pý) 
AMACME(2vK)-APAC1`F(l#K) 
D8-T3Qp11)*((ALOG (Z(K)))4-*2) 
D9-T3(3pM)*(ALOG Me))) 
Dl0-T3(lpM)*EYP(D64D9+TB(4yM)) 
011(h)-DIO*((12#39e/E)4*13(5pti)) 
2CO CONTINUE 
Dll(5)-011(3) 
Dll(4)aDll(Z) 
Dll(3)-011(1 
Dll(2)-Dll(l) 
AMAC(LpK)-At'iAC(LPK)4(ZY*(F2(1)/F(LPK))) 
*RirE(7*25C') ZY 
ý4RITE(7#251)(7X*(F2(I)IF(LYK))) 
WPITE(7p2, '2)4, MAC (LiF. ) 
260 CONTINUE 
250 FORMAT(2XPITHE Ul/Ul+U2 VALUE ISIoFI2.7) 
251 FORMAT(2XPIT4E PtRTIAL P VtUE ISIPF12.7) 
2-12 FORMAT(2XPtTHE FULL P VALUE ISIPF12.17) 
ý, RITE(7. #M) LjNl(K)PAtAC(LPK) 
2e2 FORMAT(2XPIFOR LINEI. #13PICF ELEhENTljIXj, ý2plXjlTHE APIAC ISIsF9e 
2qo CON TI NUE 
3CO CONTINUE 
4 GO C Ori TI NU E 
END 
i'l , 
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Table A: 5 
Values derived for E' eff using the 
program STAN expressed in kev 
(for a given XRF system, operating at given voltage etc). 
E eff Value above 
absorption edge 
Cu 16.58 7.603 
Zn 17.01 7.353 
Sn 31.57 2.349 
Pb 20.20 4.418 
Ni 16.18 7.851 
Fe 15.46 8.348 
As 18.47 6.607 
Sb 32.62 2.130 
Al. 8.57 7.010 
Mn 15.13 8.597 
Ag 28.642 3.125 
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Having derived these new El eff values it was clearly 
necessary to see if they led to more accurate approximation 
to reality when incorporated into the computer approximations 
of the primary fluorescence equation. 
Therefore, newly derived El eff values were fed into the 
programs MAC and SMAC so values could be derived 
for jXM x t)A Crc. 6 -* )J-M% V. C-Sc. ý (and . the secondary 
fluorescence corrcted form of that expression) in order to 
plot primary 
intensity tPj 1), csc- 6 versus 
concentration (Ci) see graphs A: 10 - A: 13 and graphs A: 14 - 
A: 17. 
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The relationship of the points on these graphs to the 'best 
straight line fit', ie the correlation coefficients, is given 
in Table A: 6. It can be seen that in comparison to Table 10: 5. 
I 
The copper determinations are much worse using the 
deriv, ed El eff value than using the constant 0.3 keV 
above the absorption edge value. 
When comparing the zinc, tin and lead valuest between 
the E eff = Abs + 0.3 Kev and E eff derived E' eff 
values it can be seen that there is little difference 
between them, apart from a slight improvement in zinc 
figures. 
With the exception of the copper there was little 
improvement when comparing the 'use of the primary 
fluorescence only program with that of the secondary as 
well as primary fluorescence corrected program. The 
results appear identical, apart from a slight 
improvement in the lead correlation. The copper values 
varied widely with primary and primary + secondary 
fluorescence corrections. 
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TABLE A: 6 
The correlation coefficient of the plotted points to the 
'least squares' straight line fit through thes'e point's for 
every graph: 
Primary fluorescence equation only (using the newly 
derived El eff) 
Cu Zn Sn Pb 
. 929 . 99939 . 99918 . 99435 
Secondary fluorescence corrected equation results (using 
the newly derived El eff) 
Cu Zn Sn Pb 
. 93912 . 99939 . 99918 . 99561 
From this experiment it can be simply concluded that our 
derived El eff was not accurate since it did not give 
improved results. The theory is correct so the accuracy with 
which we tried to depict the incoming spectrum, or its effect 
on target elements, was not sufficiently refined. From these 
results it would appear that there are greater effects (of 
absorption) near the absorption edge than had been 
anticipated in our model, since the much smaller El eff (Abs 
+ 0.3 kev) on copper at least proved more accurate. 
, 
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CALCULATION OF AN ABSORPTION CORRECTION TERM FROM SPECTRAL 
INFORMATION 
Having obtained a numerical 'picture' of the incoming 
spectrum it was possible to write a computer program which 
used the 203 division numerical description of the incoming 
x-ray spectrum rather than use the necessity of invoking the 
mid-point theorum as an approximation. As has already been 
seen, the El eff used by such an approximation can have 
marked consequence on the subsequent accuracy of analytical 
determination. 
Thus, using the primary fluorescence equation for the 
element: 
Pi gi Ci (N k) (Xk) AXk 
1ý 
)A., v% (Xk) 
Pi gi Ci 
ý (Xk) 
K 
If Ti(, \10 is determined for each XKin this case, each of the 
203 divisions into which the spectrum is divided and then 
summed. With gi being a constant for every element a graph 
of the concentration against measured intensity (modified by 
the correction fact T! can be drawn). 
The computer program which was written to undertake the task 
of 1< 
ýXk) cost c- G f- Qý L) 
was called PRIFLU (see over). 
PRCGP, AM PRIFLU 
DIKENSIOtj ABE( 5,11 )PLL (5oll) PAIIIACME(3pil ), 4, li 
.A 
C11's ( 3.0 11) #11 
DIMENSION 7(11)PF(5.9 ll)*AE(3pll). oK3(3pll)pDll(5), t, 1(11) 
DIMENSION T2(3p5)PT3(5p3)PF2(204)tAl4AC(5pll)YG(llpl4)PK2(5plI 
OPEN(4pFILEw'EDAT') 
OPEN(3pFILE-IRSPECI) 
OPEN(5pFILE-IELEMSI) 
OPEN(6pFILE-fSTDWT') 
OPEN(7pFILE-IRESULTSO) 
READ(4p*)((Tl(IPJ)pl-lp3)PJ-lp3) 
READ(4p*)((T2(li, J). PIxl*P3)PJ-l. o5) 
READ(4p*)((73(IPJ)plalp5)PJ-1*3) 
READ(5p*)(Z(I)Ylulpll) 
READ(5p*)((K2(IPJ), I-, lp5)PJ-lpll) 
REAO(3j, *)(F2(T)plwZ3p2C4) 
READ(5pl)(Nl(I)pI-lpll) 
1 FORMAT (llA2) 
READ(6.9*)((G(IPJ)PI-lpll)pj-lpl4) 
DO 30PNxlpll 
DO 20it'-lp3 
10 DlwTl(l#M)*((4LOG(Z(N)))**2) 
D2aTl(2p. 4)*(ALOG(Z(N))) 
F(MPN)uO*O 
AE(MPN)-EXP(01+D2-Tl(3ph)) 
20 CONTINUE 
F(5pN)-O. O 
F(4j, N)-O. O 
ABE(5pN)-AE(3pN) 
ABE(4fflN)uAE(2pN) 
ABE(3pN)-AE(2pN) 
A8E(2j, N)mAE(lpN) 
ASE(lpN)-AE(lpN) 
3G CONTINUE 
DO 50YNwlpll 
DO 40vM-lp5 
D3-T2(lpM)*((ALOG(Z(t4J))**2) 
Dq-T2(2pM)*(ALOG(Z(N))) 
EL(MPN)-EXP(D3+D4-TZ(3*M)) 
40 CONTINUE 
K3(1*N)-K2(lpN)+K2(2pN) 
K3(Z, N)-KZ(3pN') 
K3(3p li )-0 
50 CONTINUE 
X-0.0345 
x1mooo 
00 69. *Nwlpll 
DO 68RM-le, l 
00 67.91912PI02 
E-(X*(1*10))+Xl 
IF(E. LT. ASE(M, N))GO70 67 
F(P, PN)-F(M, N)+F2((r*2)) 
67 CONTINUE 
68 CONTINUE 
69 CONTINUE 
DO 400PJ-lol4 
WRITE(7p7O) J 
70 FORMAT(2XPISAMPLEli-13) 
00 75pt-lpll 
DO 72PV, -IP5 
AMAC (MPN) OC .0 
72 CONI INUE 
75 C 'ON' 11 t- UE 
DO 3(, OKnloll 
-,, -ZIT6(7#7Pj') Kl(K) 
7Fc. k ". 1 tT2XELEE r- T *YvIý) 
F(GJ00)G -)I UýC 
OD ? 
-QG., 
Lzlp 5 
-; lTL(7j#7e) L 
78 FCýMAT(I'YofLINEIP13) 
IF(K2(LpK)*E0*C*0)GUTt: 2 li L 
AM AC (Lv K) OC *0 
00 5(, P. "-lpll 
00 77PM-lp3 
AHACM3(P, 0N)-0,0 
AMACME(VPN)s0*0 
77 CONTINUE 
80 CONTINUE 
00 11 op IN a I'l 11 
F10-0.0 
DO 100sM-10 
IF(M. EQ. 3)G0TO 90 
IF(AE(MPN)oGT, EL(L#K))THEh 
F10-F10+1*0 
GOTO 100 
END IF 
(; o D. 1-T3(ZPM), r((ALOG(Z(N)))**2) 
06=7-'-(3j, M)*(ALOG(Z(N))) 
D7aT3(lpl')*EYP(D, '+Dt+IB(4. ot*)) 
IF(M. EO. 1)THEN 
El-(-3,0068535*(ALCG(Z(N)))+loC7C-IEI) 
T3(5pM)-EXP(-0*004'ý522*((ALOG(Z(K)))**2)4(El)) 
GC10 95 
END IF 
IF(M*E0.3)GGTG 95 
E2-(Oo6368e29*(ALOG(Z(N)))-0.5459b87) 
13(5pM)*EXP(-0.11315954((ALGG(Z(N)))*vZ)+(Eý)) 
IF(Z(N)*LT. 42)THE-N 
T3(5#M)-2.73 
END IF 
91ý AtiACME(FPN)*D7*((12.398/EL(LPK))*413(lýpM)) 
IF(Fl0. CTo0.5) T4EN 
APýACI'E((M-FlO)P'4)-AritCrE(rph) 
AMtCe, E(Fl0j, N)zAMACME(PPK) 
F10-C. 0 
END IF 
lco CONT I NVE 
DO 106PM=lp3 
ic-6 CONT INUE 
114) CONTINUE 
00 2eOp 1-12PI02 
E-(X*(I*10))+Yl 
IF(E*LT943E(LPK)) GOIG 28C). 
DO lrt; joNuloll 
DG 130.94ir-193 
D5zT3(2pM)*((ALDG(Z(N)))**2) 
DbwT3(3pM)*(AL0G(Z(, ))) 
D7-T: 3(lp"-)*EXP(D, '+Dt4T3(4pg)) 
IF(M. EO-I) THEN 
T3 (500 -E WP (-0.0045! kZ*( ( tLOG(i + (EB 
GOTO 120 
END IF 
IF(M---': 0.3) GOTO 120 
E4-0.836e629*(ALOG(Z(N)))-C.! ý4'. 9t67 
T3(5pM)-EYP(-0.11315q54((tLGG(Z(ý)))*4i)4(E4)) 
IF(Z(N)-LT-42)7PEN 
T3(5or)-?. 73 
END lF 
lzo 
1---c CONTINUE 
1: C. C ON TI NV E 
A. * AC10C 
All AC200 
DO IECN-ljll 
00 155, M-lo3 
A? AC 1- AM AC 14 A I't C t. f F, t, G( 14P J) K3 tý 
At', AC 2aAP. AC2+A MA C IM S flis NG (N sJK3rN 
1555 CONTINUE 
ito CONTINUE 
00 2CO*M-lp3 
08-T3(2#tli)*((ALOG (Z(K)))**Z) 
Dý-T3(3jli)*(ALOG (Z(F))) 
D10-T3(lvM)*EXP(08+09+T3(4sM)) 
Oll(M)nDIO*((12*396/E)**13(5#t. )) 
200 CONTINUE 
Dll(5)-Dll(3) 
011(4)*Dll(2) 
Dll(3)-Dll(2) 
011(2)-Dll(l) 
ZXa((Dll(L)*F2((1*2))*(JCeC*Y))/(AýAC241*', 5t7l6+AYACI)) 
ZY-1*( 10 0 0* X) 
ZZaAPAC2 
AMAC(LPK)uAMAC(LoK)+ZX 
2eO CONTINUE 
'mRITE(7,282) LoNl(K), AMAC(LPK) 
2e2 FCRMAT(2XPIFCP LINE'ol-IPILF AtAL ISIPF8sd) 
? 90 CONTINUE 
300 CCNTINUE 
k0o CCNTINUE 
END 
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The results of the PRIFLU program are listed 
below. 
TABLE A: 7 
1103 1109 1111 1116 1118 
Cu 29.23 32.85 33.06 33.23 33.38 
Zn 18.50 16.76 16.31 16.03 17.72 
Sn 1.38 1.44 -- - 
Pb 14.71 - 
Ni 26.80 30.14 
As 
Ab 
Al .4 
Mn 
Ag 
Pb 1 20.7 
Pb 2 6.16 
in Table A: 7 
. 05 . 21 
32.21 31.55 
19.27 19.22 
- 1.43 
.4 
x2l x3l . 05 x3 4 X01 xO 4 X1 1 
Cu 26.28 21.44 32.50 21.69 31.48 25.78 26.19 
Zn 14.93 13.85 18.08 13.98 18. h 14.47 14.98 
Sn 1.28 1.12 1.16 1.41 1.30 1.29 
Pb 24.1 19.65 19.88 28.88 23.64 24.01 
Fe 15.41 15.60 22.76 18.54 18.83 
As 15.09 15.67 15.76 
Sb . 76 . 78 0.87 0.87 Al 
Mn 13.56 19.80 
Ag 
Pb 1 20.45 18.85 19.29 21.40 20.63 20.53 
Pb 2 6.08 5.60 5.73 6.37 6.13 6.11 
When combined with the intensity figures they can be 
expres sed in graphic form, plotted against concentrati on - 
see gr aph A: 18. 
For co pper: 
1103 1109 lill 1116 1118 . 05 . 21 
CU 29.23 32.85 33.06 33.23 33.38 32.21 31.56 
Int/ 
PRIFLU 34.46 42.67 45.07 46.21 38.8 32.18 32.41 
x2l x3l . 05 x34 X01 x04 X11 
Cu 26.28 21.44 32.50 21.69 31.48 25.78 26.19 
Int/ 
PRIFLU 50.54 51.00 36.93 
1 
51.58 34.92 50.17 
GRAPH A18 - RELATIONSHIP BETWEEN CORRECTED COPPER 
INTENSITY (CORRECTION FROM THE PRIFLU 
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The graphs for zinc, lead and tin (not here presented) showed 
a linear relationship, similar to that established with 
values for E' eff, when invoking the mid-point theorum. 
The copper values form a good linear relationship between the 
corrected measured intensity and concentration with just a 
few marked exceptions. These exceptions (x3l, x34,1003, 
x1l, x2l and x04) are the same as were noted in the El eff 
experiment. This presumably means that this method of 
computation suffers from the same problems as with the E' eff 
method. 
Týe primary fluorescence equation is as we 
not totally accurate failing as it does to 
the enhancement effects of elements in the 
PRIFLU program was rewritten as the SECFLU 
whole secondary fluorescence equation was 
value of and then summed. The program 
follows the same programming form as PRIM 
have already seen, 
take into account 
matrix. Thus the 
program, where the 
equated for each 
SECFLU (see over) 
ý' "' C IL -RAI SECFLkf 
DIII-ENSION AIE(5#11)PLL PAMtCME 0oll )jA; ýACMý ( '-p 11 )pj J(j, ý) 
OPIENS I ON 2( 11 )pF(,. * 11 )p kE (3, il ) #Kz ( 3p 11 ) pUi I( :oI Ni ( 11 
DlMENS I ON tiy-Ar ( f-, II)A 1( 11 )A i: 1 ( 11 p -)2 111) . 01,12 
(3) 
DIIENSION, T2(3p5), r3 (" oB )PF2 (201- o -it ICI I)# C- (A 1,14 p 1. 
0PEN(4pF1LFz'EGhT') 
OPEN(3, FILEw'8SPEC') 
GPEN(5pFILE-'ELE! 'S') 
OPEN(5pFILE='. ', TDWT') 
0PEN(7pFTLEm'PESULTS1) 
: ZEAD(4p*)((Tl(IPJ)pl-lp3)jJ-lp3) 
READ(4, *)((T2(IPJ)PI-ls3)pj-1,5) 
READ(4p*)((T3(IPJ)ol-lp5)jJnlo'-) 
READ(5p*)(? (I)pl-ljll) 
READ(5j*)((K2(1#J)PIKIP'e), Julpll) 
READ(3p*)(F2(I)PI-23j2C4) 
READ(5, l)(Nl(I)pI-lsll) 
READ(5,, *)(Y(I)PI-1pl1) 
READ(5p*)(Fl(I)PI-lp1l) 
1 FORMAT (11A2) 
READ(6p*)((G(IPJ), I-l, ll)pJalpl4) 
DO 30#N-1p11 
DO 200-10 
10 D1-T1(1p4)*((AL0G(Z0, )))*'r2) 
DZ-Tl(2pM)*(ALOG(Z(N))) 
Miph)-0.0 
AE(MPN)-EXP(Dl+D2-TI(3pM)) 
20 CONTINUE 
F(5pN)OOsO 
F(4#N)=O*O 
ABE(5pN)&AE(3pN) 
ABE(4, N)wAE(2pN) 
ABE(3pN)cAE(2sN) 
A8E(2. *N)-AE(1pN) 
AeE(IPN)*AE(lpN) 
30 CONfINUE 
00 50PNI-loll 
00 
D'ýl-T2(lpi". )*((ALOG(Z(K)))**E) 
D4wT2(2, M)*(ALOG(7(N))) 
EL(MsN)wEXP(D3+04-T2(3sM)) 
40 CCNfINUE 
K3(lpN)-K2(19N)+K2(2pN) 
K3(ZPN)-K2(3pN) 
Cz (3PN)aO 
50 CONTINUE 
X-0.0345 
x1-000 
Do 69ANalpIl 
Oil odpmalp5 
00 67PI-23)204 
Ex(X*(I*5))+Xl 
1F(E. LT. ABE(MPN))G010 67 
F(r1pN)"F(MPN)+F2(I) 
67 CONTINUE 
56 CONTINUE 
59 CONTINUE 
00 403, jnlpl4 
WPITE(7,7C) J 
70 F0RMAT(2yp4SAMPLE'PI3) 
K1-0 
J2.0 
09 75PN. Ipll 
00 72pt, -JP5 
AMACV) ýC *0 
Ah A Cl ( Mt ý' )I C .0 
72 CONTINUE 
7 ', C ON 71 t%', J F 
7 t, KI=Kl+l 
DO 3C 
*RITE(7977) Nl(K) 
77 FORhAT(2XP'ELEeENTlPZXPA2) 
IF(G(Kj, J)*EQoO*O) GOTO 30C 
00 290PL-lP5 
-WRITE(7p78) L 76 FORMAT(2XplLINElPI3) 
IF(K2(LPK)*EQ*CoO) GOTO 290 
AMAC(L. *K)w0.0 
DO 80PN-Ipll 
DO 79PM-lp3 
AMACMS(MPN)w0.0 
AMACME(M#K)m0.0 
79 CONTINUE 
80 CONTINUE 
DO 110tNaloll 
FlOsCaO 
00 ICOjMul. *3 
IF(M*EC*3)C-OTO Q0 
IF(AE(M. *N)&GT*EL(LPK))IHEN 
FlOxF10+1.0 
GOTO 100 
END IF 
90 D5aT3(2pM)*((ALOG(Z(N)))**2) 
D6-T313pm)*(AL(IG(Z(N))) 
D7*T3(1. PM)*EXP(D, '+D6+T3(4pM)) 
IF(M. EQol)THEN 
Elo(-0*0068535*(ALOG(Z(N)))+1*07CI61) 
13(5#M)-EXP(-O. OC4ý1522*((ALOG(Z(N)))**2)+(El)) 
GOTO 95 
END IF 
IF(M*EG*3)GOTO 95 
E2-(0.8368829*(ALOG(2(N)))-0*5'týv'ýt87) 
T3("aoM)-EXP(-(. ',. 1131ý'9ý*((ALOG(Z(N)))**2)+(EZ)) 
IF(Z(N). LT. 42)THEN 
T3(5pM)v2o73 
END IF 
95 AMACME(MtN)-D7*((12*ý96/EL(L#K)), ý413(! Pý. )) 
IF(FlOoGT. 0*5) THEN 
AMAf'ME((M-Fl0). vN)-AMACME(tjN) 
ArACr. E(FlCPN)-AMAC', lE(r, PN) 
FlC-0.0 
END IF 
lco CONTINUE 
b0 106.9 Ma lo 3 
1C6 CONTINUE 
110 CONTINUE, 
IF(J2. EO*1)GOTO llb 
DO 114PN'-loll 
DO 112jM-IP3 
AMAD(Lpý)aAMAC(L#K)+PtACPE(eitN)4G(NPJ)*K$(rpN) 
ý; RITE(7plll) Nl(K)PLjAM4D(LPK) 
ill FORMAT(2YPIELEPENT -Opt2s' LINE At. AD -I#F; #Z) 112 CONTINUE 
114 CONTINUE 
GOTO 290 
lit DO 250ol=23P204 
'PRITE(7pll7) E 
117 PC;.. AN 2y j- I FNE'ýGY " PF79Z ) 
IF( EsL To AVE RvK G'10: 10 28C 
D(j 150PN-1plI 
00 13ý)Y14=1Y3 
D5-T3(2pf')*MLGG(Ztt, )))4*2J 
D6-Tý(3v. M)*(AL0GMN))) 
07-T3(lp*i)lr, c, (P(D5+D64T'. -(4#t)) 
IF(M*EQ*l) THEN 
E3-(-O. OOC-85335*(ALOG(Z(N)))+1907(. )lcl) 
T3(ýtti)-EXP(-0.0045! 22*((ALOG(Z(N)))**2)+(E3)) 
COTO 120 
END IF 
IF(M. EO. 3) COTO 120 
E4-0.8366829*(ALOG(Z(N)))-C, 044! 9t87 
T3(5pM)-EXP(-0.11315954((ALCG(Z(tv)))+*2)+(E4)) 
IF(Z(N)*LT*42)THEN 
T3(5pP. )n2o73 
END IF 
120 AMACI', S(PPN)sD7*(12.396/E)**T3(5jM) 
130 -CONTINUE 
1! 0 CONTINUE 
AmAcisooo 
AMAC22090 
00 160PN=Ipll 
00 155olli-10 
AmACl-AMAC1+(APAC14E(f. stý)46(Npj)4K3(tpN)) 
AMAC2-AMAC2+(AMACMS ( Mph) *G(NsJ ) *KL' Not%) 
155 CONTINUE 
160 CONTINUE 
DO 200. *M-lj, 3 
D8-TB(2pM)*((AL0G (Z(K)))*02) 
09mTS(3pM)*(ALOG (Z(K))) 
010-T3(lp. N)*EXP(D8+0; +73(4pM)) 
011(ti)wDlO*((l2o3qb/E)V*73(5#h)) 
200 CONTINUE 
Dll(5)uDll(3) 
DII(4)-Dll(2) 
Dll(3)-011(2) 
011(2)zDll(l) 
ZX-((Dll(L)*F2(1)*(5.0*X))/(Aý. AC2ýol. rý! rý11E-tA, MACl)) 
S6-1.0 
Sit-0.0 
z1o DO 270PN2=1#11 
IF(G(N2pJ), EQ*0. C)GDTO 270 
220 DO 260PL2-195 
IF(K2(L2pN2)oE0-0-0)CC7O 2CO 
IF(L. LT#A3E(L2pN2))GC7O 26C 
Sla(l C/AF-ACI)*ALDG(J*C+(At4ACl/AtAO(LIPN2))) 
S2-( J*C/( AMAC2*1 007) )*A LOW I *C I "BAC&I OHM JAIAN L2p N21 I 
GOTO 500 
230 1 Z-o. c 
SM G(N2v J)*42Z*AZ3* (1 *0-( 3 MY(W I OF 1W)) 1*424 
S4-S4+(S3*(S2+Sl)) 
, WPITE(7j, 24C, ) S4 
246 FGRMAT(2YPISEC FLUOR S4alpF9.5) 
2to CONTINUE 
273 C Gt4 T INV E 
55-54*( C1 . 0/Dll (L /2*(, ) 
ZZ-AVAC2 
*Q 11 E( 7p 279) Nl (K Zlo Cll A) p 22P tMAC I pQ 
279 FOPMAT(2 If pI ELEMENT It 1XPA2olXp 'ENE kGY I iF7.4p2Yp lUI a' PF10o 4o 
12X#IUMEFF-ipFlOo4y2XplLMI-OPF10@4j"-, 6-OPF7*4) 
APAC(LPK)-AMAC(LPK)+(ZY*S6) 
WRITE(7#278) ZXPAP. AC(LPK) 
278 FORMAT(2YsIZX a IPF16otpl AMAC - IpFlt*6) 
260 C CIN TI NUE 
; vRITE(7p282) LjNl(K)P0. AC(LpK) 
282 FOFrLAT( 2)(P IFOR LINE Is 13P ICF ELEMENT It lXph2j, 1Yo IIHE ANAC IS IPFB* 2 
290 CONTINUE 
3CO COSTIVUE 
J2-1 
IF(Kl. EO. 190)GOTO 76 
400 CONTINUE 
GOTO 600 
500 A23=0*0 
A22wO. 0 
DO 520oM-IP3 I 
D12(ii)-010*((l2*3S8/EL(L2jN2))4413(5pr)) 
A23xA23+(DI2(M)*K3(MfN2)) 
520 CONTINUE 
DO 530sM-10 
D18-T3(2pl4)*((ALOG(Z(N2)))**2) 
Dl9nT3(3sM)*(ALOG(Z(N2))) 
D20uT3(IPM)*EXP(Dl8+DIS+TB(4pr)) 
D21(M) aD20* ( (12.396/E)**TB( '. PM) 
A22-A22+(D21(')*K3(MjN2)) 
530 CONTINUE 
lF(A3E(LpK). GT*EL(L2pK2))GOTO 5tU 
A24-1*0 
GOTO 230 
ý: o A24=C. 0 
GOT023C 
600 TZw2*3 
END 
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The results from the SECFLU program are listed in Table A: 8. 
When combined with the intensity figures they can be 
expressed in graphic form, plotted against concentration eg 
Copper - Graph A: 19. 
TABLE A: 8 
SECFLU Results 
1103 1109 1111 1116 1118 . 05 . 21 
Cu 28.79 32.68 32.94 33.14 33.14 31.75 31.14 
Zn 18.46 16.76 16.31 16.03 17.72 19.27 19.22 
Sn 
ý1.33 
1.44 1.43 
Pb?? 14.71 
Ni 26.44 30.00 
Fe 19.94 
As 
Sb 
Al 0.4 0.39 
INT/ 
SECFLU 
Cu 34.99 42.90 45.24 46.34 39.08 32.65 32.84 
x21 x31 . 05 x34 x01 x04 xll 
Cu 26.15 21.28 32.17 21.56 31.13 25.73 26.08 
Zn 14.89 13.77 18.08 13.91 18.31 14.45 14.95 
Sn 1.28 1.12 1.16 1.41 1.30 1.29 
Pb?? 14.9 14.5 14.16 14.78 14.82 14.87 
Ni 23.99 19.52 19.78 28.58 23.60 23.92 
Fe 14.71 14.9 21.33 17.45 17.74 
As 15.0 - - 15.65 15.72 
Sb 0.76 0.78 - 0.87 0.87 
Al - - - 
Mn 13.02 18.70 - - 
INT/ 
SECFLU 
Cu 50.79 51.38 37.31 51.89 35.64 50.26 51.02 
GRAPH A19 - RELATIONSHIP BETWEEN CORRECTED COPPER 
INTENSITY (CORRECTION FROM THE SECFLU 
PROGRAM) AND COPPER CONCENTRATION 
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The SECFLU results are an obvious improvement on the 
PRIFLU results (with reference to the copper results which 
are the only ones with discrepancies). The outward points 
(x3l, x34, x1l, x2l and x04) all clearly lying nearer the 
line. Thus we are getting a correcting secondary 
fluorescence-action as theory predicts. However, it is still 
clear that these points are not yet linear, something again 
theoretically predicted. 
It is noted that the standards x34, x3l, x2l, x1l, 1103 and 
x04, do not usually conform well to the linear relationship 
established between the corrected intensity and concentration 
of copper by the other standards. This is especially marked 
in the E' eff and PRIFLU results. It is also noted that 
these are all the standards which contain lead. The graphs 
A: 20 and A: 21 and Table A: 9 illustrate the degree of the 
relationship between the lead content of a sample and its 
divergence from the linear relationship established between 
the corrected intensity versus concentration - established by 
non-lead containing standards. 
It appears that though not strictly linear, the amount of 
lead present in the sample was to some degree responsible for 
the divergence of the correction factor for the copper 
intensity from the norm. 
- 
TABLE A: 9 Comparison of the divergence from the expected 
norm of the PRIFLU'and E'Eff corrected copper 
intensities, with the lead content of the 
sample. 
Standard 
X31 
X34 
xii 
X21 
X04 
1103 
%Pb 
11.1 
8.2 
4.0 
5.3 
2.04 
3.73 
PRIPLU 
Cu int diff* 
11.4 
11.28 
7.9 
7.34 
5.27 
2.76 
E'Ef f 
Cu int diff* 
3.2 
2.4 
1.76 
1.9 
1.2 
* . 107 counts 
GRAPH A20 RELATIONSHIP BETWEEN; VARRIATIONS FROM 
THE NORM IN CORRECTED (E'EFF) COPPER 
INTENSITY AND LEAD CONTENT OF THE SAMPLE 
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CRAPH A21 - RELATIONSHIP BETWEEN; VARRIATIONS FROM THE NORM IN CORRECTED (PRIFLU) COPPER 
INTENSITY AND LEAD CONTENT OF THE SAMPLE 
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The reasons for the disproportionate effect of what El eff 
was chosen, on copper, was not readily obvious. Therefore, 
an experiment was devised to see in a more empirical fashion 
what the effect on calculated copper percentage was of 
varying the E' effective. 
Thus a range of E' effective values were chosen, their 
absorption characteristics noted, and fed through the MAC 
program to derive correction factors for the copper intensity 
for the series of standards. The graphs of the product of 
the intensity and the correction factor versus concentration, 
are here represented; one at E' eff = Abs + 0.05kev Graph 
A: 22 - and E' eff = Abs + 2. Okev - Graph 10: 23. 
GRAPH A22 - RELATIONSHIP BETWEEN CORRECTED (E'EFF= ABSORPTION EDGE + 0.05 KEV) COPPER 
INTENSITY (Pi) AND COPPER CONCENTRATION 
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GRAPH A23 - RELATIONSHIP BETWEEN CORRECTED (E'EFF= 
ABSORPTION EDGE + 2.0 KEV) COPPER 
INTENSITY (Pi ) AND COPPER CONCENTRATION 
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In these two graphs, the first with El eff = Abs + 0.05kev, 
has a good linear relationship between corrected intensity 
and concentration; the second graph with E' eff Abs + 
2. Okev has a linear relationship for many samples between 
corrected intensity and concentration: however, some samples, 
x1l, x2l, x04, x3l and x34, do not conform to the 
relationship, having a lower value than the norm. It is 
interesting to note that these are the samples which have the 
lowest zinc contents, rather than the previously divergent 
samples, which included 1103, and which had high lead 
content. 
A further graphic comparison - Graph A: 24 - compares the 
product of the copper intensity and its correction factor for 
four standards, 1118, C30.05, x3l and 1103, when derived at 
different El eff values. 
GRAPH A24 - RELATIONSHIP BETWEEN CORRECTED (E'EFF) 
COPPER INTENSITY (Pj) AND VARYING VALUES 
OF E'EFF, FOR THREE STANDARDS 
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From this graph a clear change occurs in the copper corrected 
intensity at the point of zinc absorption edge, for the three 
samples which contain zinc, 1118,1103, C30.05, but not for 
the sample x3l which did not contain zinc. This clearly 
shows that the correction term 
I 
CW C- t ýL 0% (X 1) 'r- GC qJ is influenced by the E' eff chosen, by the occurrence of an 
unusually high value of )Aft(EI eff) occurring when one 
element in the matrix has a preferential absorption of El 
eff, eg when El eff is just above the zinc absorption edge. 
Unusually high or low percentage of that element present in 
the sample distorts this even even more. 
This leads to the conclusion that if a single El eff is 
chosen (invoking the mid-point theorem) then it must occur 
well away from the distorting effects of the absorption edges 
of the other elements in the sampler or have a suitable 
correction factor for compensating. This compensation factor 
is a refinement yet to be achieved, so instead of an El eff 
always away from the distorting effects of the absorption 
edges of other elements is chosen, ie one just above the 
absorption edge of the element whose intensity is being 
measured, eg Abs + 0.03kev. 
